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ABSTRACT 


The jet fuel currently used by the United States Air 
Force requires an anti-icing additive because of the Long 
range, high altitude aircrart now in use. When transporting 
this jet fuel by tanker, all water must be removed from the 
vessel's tanks since the additive is highly soluble in water. 
In his three years experience as a petroleum inspector, the 
author nas observed thac tankers Lifting JP4 are delayed 
approximately 12 hours per cargo at a cost of approximately 
$2,000 per cargo because of this tank drying requirement. 
Upon assignment to the University of Kansas in the Navy 
Sponsored Petroleum Management Post Graduate Program, the 
author undertook,as his thesis project, the development of a 
less costly method of loading JP4, basing his study primazily 
upon Laboratory tests but realizing that actual field tests 


would be required for conclusive results. 


Laboratory tests conducted indicate tnat the icing 


inhibitor concentration in thea fuel may be maintained within 
chia military Specification limits of 0.10-0.15 per cent as 


long aS a sufficient quantity of inhibiter is injected to 


Satisty the equilibrium concentration requirement of the water 


~ 
> 


remaining aboard the vessel after normal deballasting. In 


¢ 


most casas, no move icing inhibitor is required than 


inde 
wy 


qed for sy the waximumomilitary specification Limit. Wests 


concusted at the University of Kansas and the author's own 





experience in loading tankers indicate that extensive sav- 
ings in time and money may be realized by using the proposed 
method. Using the new method could result in a Savings of 
approximately 12 hours turn-a-round time per cargo Lifted, 

a Savings which is of immediate significance to the military. 
By uSing the new method, a savings of approximately $2,000 
per cargo in drying time could alse be realized, a savings 
of inmediate significance to tanker operators. On a yearly 
basis, the author eStimates that more than 4,000 hours in 
tanker turn-a-round could be savad as well as $700,000 in 
drying costs. The author recomnends, therefore, that field 
tests be Conducted using actual vessels and that if these 
tests are Successful the new method be adopted as soon as 


possible. 
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INTRODUCTION 


Icing Problems in the Jet Age 


Be De | ie al 








During the past 10 years the turbo-prop and turbo- 
jet aircraft have become dominant in military air defense. 
The development of the jet aircrart required new construction 
and new deSign techniques. Many features of conventional 
piston engine planes were adaptable to new jet aircraft aad 
Were inccrcvorated in their construction, One Such feature 
was the application of heat at critical points in the fuel 
System where moisture caused icing problems. The fuel heater 
at the filter in the jet aircraft performed the sama function 
as the carburetor heater in the piston engine plane. 

The jet fuel, grade JP4, used by the United States 
Air Force is a lighter and more volatile product than that 
used by most commercial airlines. Specification requirements 
limit the gravity to between 45-579 A.P.I. The fuel itself 
must have a Freezing point of -729F or below. JP4 normally 
contains 70-190 parts per million of water in solution. ! 

This small quantity of water causes the basic problem since 
at high altitude or Low ground temperatures, the water present 


in the frel 


) 


ondenses and deposits of ice are formed on fuel 


By 1955S it became apparent that the icing problem was 
mot soivea. The newer, high altitude, long range jets exper- 


L 





ienced a variety of icing problems including malfunction 
tendencies of fuel controls, ice plusging of fuel filters, 
and freeze-up of.fuel boost and transfer pumps. The most 
serious problem cf all was engine flame out. Since fuel 
heaters in operational aircraft were not providing adequate 
Peano protection, and aircraft designers couid not, in many 
cases, incorporate larger fuel heaters into future aircraft, 
a new approach to the icing problem was taken. 

In June of 1958, the United States Air Force invited 
chemical and petroleum companies to participate in a search 
for a fuel additive which would eliminate the icing problem. 
By 1962 an icing inhibitor developed by the Phillips Petrol- 
eum Company, PFA 55¢MB, had been thoroughly tested and was 
accepted by the Air Force. In September of 1962 the JP4 
specification, MIL-T-5624, was formally modified requiring 
the addition of icing inhibitor in concentrations of 0.10-0.15 
per cent by volume. The present JP4 specification, MIL-T- 
5624G, is included as Appendix A. The icing inhibitor in 
use today is a modified composition of the original inhibitor 
developed and consists of 99.6 per cent ethylene glycol 
monomethyl ether and 0.4 per cent glycerol by weight. MIL-27536D 
is the military specification now in use and is included as 


Appendix B. 


The JP& Transportation Problem 
One of the greatest problems which originated with 


the requirement for the additive arose in the transportation 





3 
field. The additive is highly soluble in water and migrates 
fom thiemaucl initeesany Water With which it comes into contact. 
When JP4 is shipped by vessel, water contact is difficult to 
prevent. Unfortunately, the additive has no preference and 
actS on sea water the same as fresh water. Due to the great 
demand for JP4, the usual shipment is by full tanker lot. 
Tankers scheduled for JP4 lifts proceed from their previous 
discharge port to Loading pert without cargo, but must 
necessarily carry sea water ballast for stability. In most 
cases ballast must be distributed equally throughout the ship 
Eempeovent excessive stress on the 1ongitudinal members.  Be- 
cause of absorption of the additive by water, all free sea 
water is removed from a vessel's tanks prior to loading JP4. 
The water removal operation consists of sending men down 
gmcOo alt cargo tanks with buckets and mops or eductors to 
remove any free water which remains after the vessel has pumped 
out the sea water ballast. This operation is very costly to 
the carrier. Not only is the shipping company paying noxmal 
wages to the entire crew during the Gryine Gpera trol, put 
also a premium pay rate to the men who are working in the 
tanks, 

The drying operation creates preblems for the refiner. 
The .time required to dry a vessel's tanks can not be predicted 
With a great degree of accuracy. While a vassel is drying 
tanks at the pier, the refiner must schedule pier space for 


Waiting vessels and expected arrivals. (ne JP4 ship in port 





can easily cause costly scheduling delays and inefficient 
use of loading lines. 

Tne cargo purchaser is also faced with problems when 
tank drying is required. He is indirectly paying for the 
drying time in higher freight rates. In Some cases he must 
either wait days past his expected delivery date to receive 
Eeweanco OF Civert 4 cCareo in transit to where Lt is aiost 


needed. Cargo diversions compound his scheduling problems. 


Purpose of Thesis 

| While working as a U.S. Navy Petroleum InSpector in 
the Caribbean area, the author became aware of the difficul- 
ties encountered in loading JP4 and considered that possibly 
Che difficulties could be reduced if a better method could be 
developed for solving the problem presented by the small 
amounts of water remaining in a vessel*s tanks after deballast- 
ing. A better understanding of the mechanism of icing ier 
hibition could also be of great value to military personnel 
in operating fuel billets. The purposes of this thesis 
Eowetorce are to: 

L. Provide a Source of information to Military Petroleum 
Offices at the working level which will promote a bet- 
ter understanding of the process of distribution of 
the anti-icing additive between fuel and water. 

2. investigate the economic feasibility of eliminating 
the drying of a vessel's tanks when lifting JP4 by 


increasing the anti-icing content of the fuel by the 





b) 
amount wnich will be absorbed in any water remaining 
after normal deballasting. 

Provide a time-saving method to Load JP4 in an emer- 


Pency, vYecardless of cost. 





CHAPTER II 
TANKER OPARATIONS 


Introduction | 

In 1966, approximately 153,837,000 barrels of jet 
fuel, grade JP4, were purchased by the United States Air 
Force. Of this amount, approximately 48,300,000 barrels were 
EromspOsied Dy Lanker Co tne.r destination.- Taukers which 
carry military products can be divided into two groups: 
those in biack service and those in clean Service. The 
black service tankers carry products such as Bunker "C" and 
Navy Special Fuel Oil while the clean service tankers carry 
diesel fuels, motor gasoline, kerosine, jet fuel, and avia- 
tion gasoline. Jet fuel, being in the clean product category, 
is carried exclusively aboard clean Service tankers, and it 
is this type of tanker which will be discussed. It should 
be noted that there is no apparent physical difference between 
the tankers in clean and in black Service. The clean service 
tankers discussed are not to be confused with Fleet Oilers. 
The Ships under diScusSsion are Navy owned, civilian manned 
tankers and civilian owned and operated ships chartered by 
the Military Sea Transportation Service. 

There are So many classes of tankers in uSe today that 
it would be impossible to discuss the differences of each. 
The Same basic procedures in preparation for loading are re- 
Giese oyecvery Stilo. tne Smallest tanker still in wide use 


6 





by the military has been selected as tha basis for study 
Since its Size contributes to providing the most Severe test 
case. Tnat is to say, if the proposal presented has merit 
uSing a small tanker, it is expected that a larger tanker 
Will produce even better results. The type tanker selected 
was the 15,000 dead weight ton ship designated T2. The Mili- 
tary Sea Transportation Service has approximately 16 T2's in 
clean service operation. A T2 normally carries from 135,000 
to 138,000 barrels of JP4, depending on the gravity of the 
product. The ship has 26 cargo tanks, 9 Wing tanks on each 
Side with 8 center tanks between. Figure 1 is a top view of 


a T2 showing the cargo tank arrangement. 


SHED 


CENTER 


BOR 





Fieure 1 - T2 Cargo Tank Arrangemant 


Tank Cleaning 

After discharging cargo, a tanker must take on Sea 
water bailast prior to leaving the pier. This is necessary 
HOmecCeamieiimy cla Steering eOntrolL Gf Che Siitp., ~ine Ship 7s 


Soo esMcewous, Located in the pumproomieaiee opened and Sea 





8 
water passes from the pump room through the below deck main 
lines and into the cargo tanks. : 

If a product other than the one just carried is to be 
lifted next, a thorough cleaning of the vessel's tanks is 
mandatory. In the event the same product is to be carried 
again, normal procedure would require no tank cleaning. JP4 
is the exception to this procedure. In order properly to 
inspect a vessel which is to Load JP4, it is necessary for 
an inspector actually to enter the tanks in order to determine 
that there is no free water. The tanks must be gas free, a 
condition which can only be accomplished by a thorough clean-~ 
ing. 

Tank cleaning is a costly operation. It involves the 
removal of the previous product from cargo tanks, pipelinas, 
and pumps. The cleaning process takes place while the ship 
is enroute to its next loading port. Cargo tanks are washed 
with a mechanical type washing machine. The most conimon type 
machines used are the Pyrate and Butterworth machines. High 
pressure streams of hot or cold water are discharged from the 
washing machine nozzles to clean the tanks. Figure 2 shows 


a typical tank washing machine. 








Figure 2 - Tank Washing Machine? 


Sea water is passed through the fire and tank washing pumps 
where pressure is boosted. If hot water is desired, heat is 
then applied enroute to the tank washing machine. The machine 
is suspended from the top cf the tank and slowly Lowered to 
various Levels at Specific time intervals depending on the 
degree of cleanliness desired. AS the water passes through 
the nozzles, they are rotated vertically and at the same time 
a circular horizontal motion occurs which insures that the 
Stream contacts all visible surface areas inside the tank. 

The application of heat and additional pump power 
during tank cleaning increases fuel conSumption by the vessel 
Sidmin mamy cases@reduces thewvessei's speed. 

A tanker lifting a clean preduct other tnan jet fuel 


proceeds to the dock and pumps out the saa water ballast 





10 
from all tanks. Each tank has a main suction valve througn 
which any product entering or leaving the tank muSt pass. 
Each tank also contains a Stripping suction smaller than the 
main suction, which is used to pump out product which remains 
after Suction is lost at the main Suction valve. The strip- 
ping Suction is located behind the main suction against the 
after bulkhead of each tank. Figure 3 shows the Locations 


of the main and stripping suctions in a cargo tank. 


DOW 
STERN ———- 


MAIN CARGO PIPING _ | 


STRIPPING PPING SYSTEM a ay 










Figure 3 - Main and Stripping Suctions 
in a Cargo Tank 


As soon as suction is Lost by the main cargo pump 
System, the stripping system is activated. This system is 
independent of the main cargo system and removes as much water 
as is possible with the use of a pump. AS Soon as Stripping 
is completed and the vessel has passed inspection, cargo 


loading is commenced. 





LL 
Tank Drying 

In the case of a vessel loading JP4, as soon as strip- 
ping is completed in the forward tanks, they are sealed off 
from the after tanks by means of pipeline block valves. ALL 
tank valves are opened allowing any water remaining in the 
pipelines forward of the block valves to drain pack into the 
tanks. Men with buckets and mops proceed dotm into each tank 
which is from 40-45 feet deep. The remaining water which 
consists of about 25 gallons per wing tank and 40-50 gallons 
per center tank is removed by scooping the water intowbuckets 
and lifting the buckets on a line, by hand, to the tcp of the 
tank where they are poured out. After the water quantity is 
very low, mops are used in place of the scoops and wrung out 
by hand into the buckets. Some ships use portable eductors 
for the removal of water, and some have compressed air motors 
to raise the puckets to the top of the tank. A tank iS con- 
Sidered dry when no free water remains. The drying procedure 
is repeated in each of the 26 cargo tanks aboard a T2 and 
requires from 4 to over 100 hours. Drying time, as recorded 
on the cargo papers, Starts when the vessel has completed 
pumping ballast and ends when the Last tank is dry. 

T2 drying time taken from 12 inspection reports issued 
in 1966-67 averaged 8.6 hours per ship. Data reported by 
Several classes of ships on 10 loading reports during 1967 
indicated an average drying time of 21.4 hours per ship. The 


v4 
average nourly cost to operate a T2 tanker is $164.00. ° An 





ane 

additional cost is incurred while the vessel is at the deck 
drying tanks Since premium rates are paid to men in the tanks. 

The hazards of working in a ship's tank can not be 
over emphasized. The ladders in the tanks are usually damp 
and slippery. In some ships, the ladders are vertical which 
makes descant even more dangerous. Even after a thorough 
machine cleaning, product vapors are Sometimes given off which 
can cause dizziness or asphyxiation. If there is any doubt 
ecetce whether a tank Uso@eds reco a Saeeaerector iS used to 
determine if any vapors are present in the tank. Blowers are 
someeimes required when@tank cleaners are Working in order 
to keep the vapor concentrations to a minimum. ‘In addition 
to the breathing problem caused by vapors, an explosive mix- 
ture in the tank is very dangerous, eSpecially wnen Lamps are 


lowered to assist in the tank cleaning operation. 


Cargo Loading 

After tank drying has been completed and the ship 
passes inspection, cargo Loading is commenced. Cargo is 
loaded from the manifold on deck either through drop Lines 
which run vertically into the lower pipelines in tanks 5 
center and 7 center or back to the pump room, down vertical 
piping and up the fore and aft lines into the ship's cargo 


tanks. Figure 4 shows the main piping system of a T2 tanker. 
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Summary 
Vessels Lifting JP4 cargoes are faced with the follow- 
ing problems. 

1. Costly drying time at the pier prior to Loading. 

2. Danger of injury to personnel due to falis or 
asphyxiation in Ships' tanks, 

3. Vessels Lifting successive JP4 cargoes must clean 
tanks while enroute to the next Loading port. This 
cleaning operation increases fuel consumption and re- 
duces speed. It would not be required if tank drying 


were eliminated. 





CHAPTER IIl 
THE ADDITIVE, ITS PROPERTIES AND 
INJECTION PROCEDURES 

Introduction 

The military specification requirement for JP4 icing 
inhibitor may be found in Appendix B. The inhibitor consists 
of 99.6 per cent ethylene glycol monomethyl ether and 0.4 per 
cent glycerol by weight. The major component provides the 
icing protection desired while the minor component is added 
EGmpMOuecte tne InterLor coatines of aircraft tuel tanks. 
The additive is soluble in jet fuel from 30 to 100 times its 
Speeiiied code¢emeragion of 0.10 to 0.15 per cent by volume .© 
It 18 completely soluble in water either entrained in or in 
contact with the fuel. The additive is uniquely Suited to 
mecepurpose Since it will migrate to water in contact with 
fuel in a predictable but not excessive manner. Even though 
the additive will migrate to water, its equilibrium concen- 
trations in both free water and the fuel are most desirable 


in accomplishing its purpose. 


Hinemramentson Coefficient 

A substance which is soluble in both phases of a two 
phase liquid system will distribute itself between the two 
phases, When equilibrium is reached, the ratio of the concen- 
trations of the substance in the two phases is called the 
partition coefficient. At constant temperature and pressure 


2 
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the partition coefficent remains constant.’ The amount of 
additive which will be absorbed by a particular quantity of 
water depends on the temperature, the fuel/water ratio and 
the concentration of the additive in the fuel. ALL of these 
effects may be taken into account by means of a partition 
coefficent. The partition coefficent (K), is defined below. 

ie (Ag), = volume of additive in the fuel initially 


F = volume of fuel 


Wo = jnitial volume of water in contact with the 
fuel 
A,, = volume of additive in water at equilibrium 


ieee VOlmime Of additive in fuel after equili>raium 


W = volume of water including the additive after 
equilibrium 


a Ac(volume ) ee A, (volume ) 
i F F (volume) — W (volume) 


inen, K = ass 
yy, 


The volume of additive which migrates to the water can be de- 


termined as follows: 





ikem 
W= Wo + Au, 
KA ¢ Acs 
F Wo t Ay 
K [(Az), ~ Avg] _ Ady 
F Wo “2 





ad 


K K ry. ee = 
[4 oman ba | {Mo et alk 








Multiplying 
Zz 
KWotA¢), KW Aw  KlAgdy AGRA, a 
Se ees ae ae sw 


Changing Signs and rearranging 
Pleo Ka. | K. (Ag) KW, (Agdo _ 
Lela? - [S% Sana et ey ita a 


If the K value is known, the equation may now be solved by 


the quadratic formula. 


eG 








K W K(A 
[Are - SGP 241] s 





2 . 
[Mo KApo Jn [Efiolaerd 
" 


ioe) Senin LE 
K 
ati q 


The percentage of additive in the water is determined as fol- 


ds 
—_ 





lows: 


ee ei (COD 
AWlh) = 5 


The Research and Development Pepartment of the Phillips Petrol- 


eum Company has determined the partition coefficient (kK) of 


Mimeeweary 1c1as inhibitor to be 220eat go°r.> Lt is this value 





which will be used in the thesis computations since the Lab- 
oratory tests were conducted at approximately 80°F. The 
three factors which affect the quantity of additive absorbed 


into a water phase are discussed below. 


1. Temperature 

As the temperature decreases, the partition coefficient 
increases. More of the additive migrates to the water pnase, 
which is exactly what is required to prevent the water from 
freezing as the temperature drops. Under all conditions en- 
Peuntered thus far in aircraft fuel tanks, additive migration 
has not Significantly depleted the additive content of the 
fuel itself.’ The Phillips Petroleum Company has determined 
the partition coefficient at OOF to be 489. It is assumed 
that a reasonable eStimate of the partition cocofficient at 
any temperature may be determined by using the relationship 


shown in Figure 5,10 


2. Fuel/Water Ratio 
The fuel/water ratio affects the migration of the ad-~ 
ditive to free water. As the fuel to water ratio increases, 


the amount of additive which migrates to the water increases. 


3. Additive Concentration in Fuel 
The quantity of icing inhibitor which migrates to the 
Weert Hiace 1S also dependent oma the additive concentratron 


in the fuel. As the additive concentration in the fuel is in- 
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20 
creased the percentage of additive which migxates to the water 


phase is also increased. Figure 6 indicates this property. 


Glycerol 

The glycerol component in the additive serves to pre- 
vent softening of the interior coatings of aircraft fuel 
tanks. An aircraft wing tank interior is not subject to soft- 
eninge when exposed to dry fuel with or without ethylene glycol 
monomethyl ether. The tank interior is, however, subdject to 
softening and peeling when in contact with water, and this 
condition is accelerated if the interior is in contact with 
water containing only ethylene glycol monomethyl ether. The 
minox glycerol component actually reduces the softening effect 
of the water and ethylene glycol monomethy1l ether combination 


to less than that experienced with water alone, }1 


{ 


Bioerdal Brotection 
An additional beneficial property was discovered in 
the development of the icing inhibitor. Ethylene glycol 
monomethyl ether was found to be an excellent biocidal agent. 
Microbial growths in the wing tanks of aircraft have always 
caused concern to the aircraft industry since once the organ- 
1smS penetrate the interior tank coatings, the aluminum Sur- 
faces below are subjact to corrosion. The organisms must 
have water to exist and thrive at the fuel-water interface 


Since the fuel provides the hydrocarbon food supply necessary 


for their growth. The icing inhibitor which migrates to the 
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FIGURE 6 
ADDITIVE PER CENT OF WATER BOTTOMS AT EQUILIBRIUM 
VERSUS ADDITIVE CONCENTRATION IN FUEL 
80° F . 
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water phase promptly kills new microbial growths before they 
can multiply in addition to controlling existing slime growths 
or fungal mats. A lethal mixture of additive in water re- 


12 
quires a concentration of 15 per cent. 


Fortunately, this 
percentage is well below the normal percentage of additive 
which migrates to the water phase, thus assuring constant 


biocidal protection. 


Icing Inhibitor Injection in Jet Fuel, 

As was stated previously, the icing inhibitor in use 
is highly soluble in JP4 and remains in solution once it has 
been added. If the additive is to be injected into a shore 
tank of JP’, the product is normally circulated through a 
pump and the additive added incrementally up Stream of the 
pump. Some refineries have facilities for Line blending up- 
Stream of the product pump, and sufficient turbulence is 
created in the pump and through the remaining Line to insure 
Satisfactory mixing by the time the product reaches the ship. 
Mimcmobonidine O£ Deine inntbitor not only permits the webiner 
to add any percentage of the additive desired, but also saves 
Storage capacity Since contractors may obtain product with or 
Without icing inhibitor from the same shore tank. 

At this point it is appropriate to discuss the reason 
for requiring the additive to be injected in JP4 which is tc 
be transported by vassel, vice injection at the discharge 
port or at the airfield. The demand for and the distribution 


of JP4 is great. Large demands from activities all over the 





DS 
world require careful distribution planning. Even with the 
most Sopnisticated planning techniques, it is not uncommon 
for vessels to be diverted to a different discharge port than 
the one Specified at the time of loading. Since it would be 
too costly to instali icing inhibitor injection equipment at 
every discharge port, each vessel must carry ready-to-use 
product in order to maintain flexibility. To install an in- 
jection system aboard each ship would be costly and wasteful 
Since clean product ships carry a variety of products, and 
increased equipment weight would reduce the pay Load, to 
Say nothing of the problem of obtaining and Storing the 
additive aboard the vessel. The fact that such large quanti- 
ties of jet fuel are contracted for is another factor, Un- 
doubtedly, the additional cost of icing inhibitor delivered 
to one refinery Location for jet fuel under a large contract 
is much lower than if the inhibitor were required to be de- 
livered and stored at discharge ports or airfields throughout 
the world, it would be moSt desirable if icing inhibitor were 
available at each location; however, high cost equipment and 
transportation charges make this arrangement pronibitive. 
Some activities do have injection equipment but if flexibil- 
ity is to be maintained, product must be purchased in the 


ready-to-use form. 





CHAPTER IV 
TEST METHODS FOR THE ADDITIVE AND 
LABORATORY PROCEDURES 
Introduction 
The Dapartment of Defense has approved two methods 
for determining the icing inhibitor content of jet fuel. 
Both methods are acceptable when the icing inhibitor concen- 


Searesons aee inthe “rance™0.05 to 0.20 volume per cent, 


Refractometer Method 

Tne most recent method to be accepted is the differen- 
tial refractometer method. The test consists of removing the 
ethylene glycol monomethyl ether and glycerin from the hydro- 
carbon fuel by extraction with water. The amount of icing 
inhibitor in the extract is determined by measuring the dif- 
ference between its refractive index and that of the water 
used in making the extraction. Federal Test Method 5340, 
dated 1 July 1965, describes the procedure in detail and is 


included as Appendix C. 


Potassium Dichromate-Acid Method 

An alternate method to determine the icing inhibitor 
concentration in a hydrocarbon fuel is described in Federal 
Test Method 5327.3, dated 1 July 1965. This mathod was the 
first to be accepted by the military and was used excluSively 
in procurement inspections until early 1966. The author 
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selected this method of determination for the thesis tests 
described in Chapter V. The giassware and reagents were easily 
obtained. Many petroleum testing Laboratories, both mili- 
tary and commercial, continue to uSe this test since it is 
considered the more reliable of the two. This method also 
Requires the ¢xtraction of the icing inhibitor with water. 

The water Solution is allowed to react with an excess of 
Standard potassium dichrcmate solution in the presence of 
Sulfuric acid and the excess dichromate is determined idometri.- 


cally. A copy of this test method is included as Appendix D. 


Reagents 

The reagents used are Listed in Appendix D, paragraph 
4, The required solutions ware prepared in accordance with 
the test method, uSing accepted laboratory practices. The 


sodium tniosulfate solution was Standardized weekly. 


Apparatus 

A list of the required apparatus may be found in Ap- 
pendix D, paragraph 3. For ease of operation the following 
pieces of equipment were substituted for those listed in the 
test method. 

1. Two, 1 gallon glass bottles on an elevated stand were 
used to refill two, 50 milliliter automatic zero 
burets. These bottles contained the potassium dich- 
romate and sodium thiosulfate standard solutions. 


2. Two, 25 milliliter pipets were used. One was used 
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exclusively for JP4 and the other exclusively for 
distilled water. 

3. A 250 milliliter iodine flask was used vice a 500 
milliliter iodine flask since the 500 milliliter 


flasks were not readily available. 


Specimens 
1. Jet Fuel 

Approximately 20 gallons of JP4& were used in the Lab- 
oratory tests. An analysis of the fuel used may be found in 
Chapter V, page 44. The fuel obtained had not previously bcea 


treated Ra theany i Cine inhibitor. 


Zee reine Inhibitor 

One gallon of icing inhibitor meeting military Speci- 
fications was obtained for use in the laboratory experiments. 
The results of several tests run by a commercial laboratory 
on the tank from which the gallon sample was taken are Listed 


on page 27. 
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Speci fication Sample 
Test Requirement Results 
Acid number, mg. KOH/gm. 0.09 Max. 0.06 
Glycerol, Wt.% 0.36-0.44 Limits Ors? 
Color, platyuum cobalt 20 Max. Lighter than 20 
pH of 25% solution in 
water at 25° + 2° 6) Omton Om Amisee 6-7 


Refractive index, (25°C) 1.4600-1.4910 Limits 1.4010 
Specific gravity (209/20°C)s0.965-0.969 Limits 0.967 
Water, % Wt. 0.2 Max, 0.08 


3. Sea Water 

sea Water used in the experiments was prepared by mix- 
ing tap water with Synthetic sea salts purchased from Aquar- 
ium Systems Incorporated, 1450 East 289th Street, Wickliffe, 


Ohio, under the trade name of "Instant Ocean." 


me Mehaiotcom Debemmana tion 

An "F" factor deternination must be made on each new 
pWend ofMicine inhibitor used. The facton Fr" ds the miili- 
liters of methyl cellosolve-glycerin per milli-equivalent of 
potassium dichromate and is determined as follows. Five 
milliliters of a 0.1 per cent methyl-cellosoive glycerin solu- 
tion were transferred to a pyrex test tube. Ten milliliters 
of .2N potassium dichromate were added from a buret, and the 
test tube was placed in an ice bath. After allowing the 
Solution to cool, 5 milliliters of concentrated sulfurle acid 


were added, The acid was added vary slowly, and the test tube 
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was centinually agitated"in the icé™bath to insure that 
thorough mixing occured and that the temperature of the Solu- 
tion didmmet rise Signifieanthy. After the weid had been 
added, agitation was continued for approximately one minute 
after which the test tube was placed in a bath of boiling 
water for exactly 10 minutes. The test tube was then returned 
to the ice bath until the contents had cooled below room tem- 
perature. The contents were then transferred to a 250 milli- 
liter iodine flask. The test tube was washed 4 times with 5 
milliliter portions of distilled water and the washings added 
to the flask. Approximately 3 grams of potassium iodide were 
added to the contents in the flask. Care was taken to insure 
that any iodine vapor which foimed was kept in the flask. 

Tne titration of the solution was commenced, adding sodium 
thiosulfate to the flask by buret while constantly swirling 
it until the brown solution turned to a yellowish-green. Two 
milliliters of starch indicator solution were then added and 
the titration was slowly continued until the color changed 
sharply from dark blue to light bluish-green, The milli- 


We Factor 


tJ 
af 
> 


liters of thiosulfate required were recorded. 


was determined as follows: 


i 2 
“  (WaNg) = CVeNe) 


where B = milliliters of methyl celloscelve-glycerin in 


aliquot of standard Solution analyzed. 
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Vqg = milliliters potassium dichromate 
Ng = normality of potassium dichromate 
V;_ = milliliters sodium thiosulfate 


N, = normality of sodiun thiosulfate 


The icing inhibitor used in the thesis tests had the 
"FE" factor Listed below based on three determinations yield- 


ing the Same result to three significant fisures. 


= 0.00500 
Va = 10.00 
Ng = 0.200 
Ve_ = 14.20 
N. = 0.100 
BS OD = 9.00362 


(On Gay CilOaG0) - Clae20) (0.100) 


In the initial determination of the "F" factor, which 
was the author's first experience with the test, three samples 
were run Simultaneously, each step being perfermed on the 
three samples in succession. The three values of "F" increased 
for each successive sample. Results of various sets of three 
tests run on a 0.1 per cent solution of the additive in water 
are shown below. 


Milililiters of Sedium Thiosulfate Required 


Oe Ree BR — | 


in n Four Sets 0. of Tests 


Set_l. Set 2 Set 3 Set 4 
Sample 1 L 3 hD 13.85 13.99 13.435 
Sample 2 1368.5 14.00 L325 bto).O 


Sample 3 14.00 14.05 14.10 14.05 
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After many timed experiments it was concluded that 
time was indeed a factor between the addition of the acid and 
the placement of the solution into the boiling water bath. 
The solution which received the acid first, even though it 
remained in the ice bath, required less thiosulfate, indicat-~ 
ing that the oxidation process was taking place during this 
Periods, tn Order to Sclive this problen tests gere run, oue 
at a time, through the entire process, insuring that each 
Solution was subiected to the same time interval in each step 
of the test. Several sets of three tests were run on dif- 
torent Sowutious and tne “F" values on eaenm colutten were 
the same to three Sienificant figures. ALL following tests 


peree et osce Oregon in this manner. 


Twenty-five milliliters of the test fuel and 25 milli- 
liters cf distilled water were transferred by pipet into a 
dry 125 milliliter separatory funnel. The separatory funnel 
was Shaken vigorously for 2 minutes. After the water and 
fuel had separated, the water layer which had extracted the 
additive was drained into a 50 milliliter Erlenmeyer Flask. 
Five milliliters of this solution were then transferred to a 
test tube by means of a pipet. 

The test method from this point is exactly as that 
Gecsecmiacaeme ths determination of the "f" factor. The 
milliliters of sodium thiosulfate reaquirad to reach the end 


point were used to determine the icing inhiovitor concentration 
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in the fuel as follows: 


a 
100 F [(vaNa) = (V-)CH,) 
rer Cent Concentration = 100 F [Vatta) = (We) ted 


Where A 


I 


aliquot fraction of water extract used 


S 


i 


milliliters of hydrocarbon fuel sample 
Other symbols are identified under "F" factor determination. 
Care was taken to insure that the end point was not 
Passed, Once the ena point rsereached, any quantity of taio- 
Sulfate may be added to the Solution without a color change 
occurring. As the end point was approached, one drop of thio- 
Sulfate at a time was added in order to prevent inadvertently 


passing the end point. 


Blank Determination 

A blank determination was performed prior to any 
additive treatment in order to determine components inherent 
in the fuel which would react during the test and provide 
misleading results. The same method is used as for a fuel 
Cemtaining icine innibitor. Three determination’ were mace, 


all of which yielded the same result to three significant 





places. 
100 FI(vV.N,) -W.NL) 
Blank Value = F [(VaNg) WV. o 
AS 
BS (ease 





Ve = 19.50 
= oO 

Se ase 

S = 25.00 





og 20.60. 200)-(19.50)(0.100)] _ 


Om 


Blank value = 2200 9086S 


0.009 


The blank determination was subtracted from each test 
result in order to obtain the actual icing inhibitor concen- 


tration in the fuel. 





‘ee PETS 
Ny ai 9.106 
SOU. 
eit 
S = 25.00 


The blank determination was 


0.009 





Subtracted from each test 


result in order to obtain the actual icing inhibitor concen- 


{ration in the 


fuel, 





CHAPTER V 
LABORATORY TESTS 


Purposes. 
Laboratory tests ware conducted for the following 
purposes: 

Ll. To determine if physical test resuits would confirm 
mathematical predictions of adgdptive coucentramuen 
in fuel and sea water mixtures, based upon available 
data for the partition coefficient of the anti-~icing 
vd ta pee es 

2. To perform tests which would indicate if additive 
equilibrium could be established in the fuel and 
water phases by the time a tanker completed Loading. 

3. To investigate the effect that temperature changes 
have on additive equilibrium concentration in mixtures 
of fuel and sea water. 

4, To determine if sea water in the ship's tanks would 


have any effect on the quality of the jet fuel. 


= . 


Pee cic Eduomas 


a 


Confirmation of Mathematica 











In order to determine if additive concentrations at 
equilibrium could be predicted from available partition coeffic- 
lents, two groups of laboratory tests were run. Ail tests were 
performed at room temperature unless otherwise specified. 

fee CO running the first group of tests, the feel to be 
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used was saturated with sea water by agitation in a volune- 
tric flask. Care was taken to insure that no free water was 
transferred to the test flask along with the saturated fuel. 
Enough fuel was transferred to the test flask to nearly fill 
it; however, sufficient Space was allowed for the adcition 
of the additive and sea water. Icing inhibitor was injected 
into the fiask by means of a pipet. The flask was then agi- 
tated to mix the additive in the fuel. Sea water was injected 
by means of a Syringe followed by enough fuel to bring the 
Flask to volume. The flask was again agitated to speed up 
the equilibrium process, 

The volume of additive expected to migrate to tha 
water phase was determined mathematically by using the forimu-~ 
la derived in Chapter III, pageilo. The K value used was 
220 since the temperature at which the tests were conducted 
waS approximately 80° F. The percentage of additive expected 
to remain in the fuel was determined as follows: 


_. . [edo ~ Ay] 190 
Ag(%) = = fo 


where (Ac), = initial volume of additive in fuel 
A 

W 
F 


additive volume in water at ecuilibrium 


fuel volume 


Table 1 indicates the results of the tests conducted. 
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TABLE L 


LABORATORY MEASUREMENT OF ADDITIVE CONCENTRATION IN 
SATURATED FUEL VERSUS MATHEMATICAL PREDICTION 


- 
au of a = = 
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Component Quantities Per Cent Per 
pe in Miliiliters Pee. Cent 
‘Saturated Additive Sea Water Lab. Measure of Mathe- 
Fuel Additive Concen. matical 

Loeriet aGebquilib. Predic- 

) a Se oe ee SLE 
998.0 es Ss 0.129 0.130 
997.3 lea) 1.0 0% 132 0.130 
996.2 i 8 2.0 0.114 O,1i4 
996.6 126 ee O.123 . O11 22 
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Since the additive was mixed into the fuel prior to 
the addition of water, test results after water contact in- 
dicated a decreasing additive content in the fuel until equi- 
librium was established. The flasks were periodically agi- 
tated and tests were conducted until the same test results 
were continually obtained, indicating that equilibrium was 
esta! iSheda, Even though only four tests Bere conducted, it 
is considered Significant that most of the results were with- 
in 0.001 per cent concentration of the predicted value. 

The second group of tests were conducted in a similar 
manner to the first group; however, the fuel used was not 
Saturated with sea water. Table 2 indicates the results of 


the second group of tests. Table 2 clearly shows that the 
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mathematical predictions were not confirmed by the tests. 
The fuel will hold approximately 80 parts per million of 


water at room temperature. + 


Table 2 also indicates the 
mathematically predicted concentration, assuming that the 
fuel absorbed 80 parts per million of the injected water. 

The Laboratory test results are somewhat closer to this re- 
vised prediction. The mixtures listed under Table 2 were 
Subjected to much more agitation than those listed under Tab- 
le 1, and it is believed that the agitation was a factor in 
Ene Lesuie, @ the juterlor "or the flasksein tha sccond gxeup 
of tests were coated with beads of water. & 1s” bebmeved 
that the dispersion of the water reduced its ability to absorb 
additive because in some flasks water beads were up above the 


fuel level, which reduced the water available to absorb ad- 


y 


aes c 


<0 
i 


ditive. Care was taken in agitating the flasks in th: 
grcup to insure that the water remained as one phase in tne 
bottom of the flask. 

The tests conducted indicate that when a vessel is 
loaded, the icing inhibitor concentration at equilibrium will 
very Likely be slightly higher than the mathematical predic- 
tion. It is concluded, however, that equilibrium concentra- 
tions may be easily predicted within the range of the military 


Spoetrrcatton. 


Equilibrium Times 
After a vessel has been loaded with cargo it is norm- 


ally not permitted to leave its berth wntil Laboratory tests 
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Gueiter On ee Ship's composite Sample to imsupe that the pro- 
duct meets specification requirements. t@ a vessel is loaded 
as the author proposes, fuel will be pumped to the ship con- 
taining sufficient icing inhibitor to satisfy the following 
requirements, 

1. An amount which will be absorbed by the ballast 
residue aboard the vessel. 

2. An amount to satisfy the desired icing inhibitor 
content of the fuel itself after additive absorption 
in the water bottoms has occurred. 

The time required for the additive in the water and 
in the fuel to reach equilibrium must be taken into consid- 
eration. Since anti-icing tests will be run on the ship's 
composite sample, the rate of attainment of equilibrium for 
the additive must be known, 

Laboratory tests were run on several samples in an 
effort to determnine the time required for equilibrium to be 
established. Table 3 indicates the results of these tests. 
Samples were vigorously Shaken for approximately five minutes 
immediately after preparation and randomly throughout the 
testing period. 

It should be noted that the first two samples in 
Table 3 were prepared by mixing the additive in the fuel 
prior to the addition of water, while the last two ware pre- 
pared by mixine the additive in a small quantity of fuel and 


the water. The balance of the fuel was then added after the 
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flask had been agitated. Table 3 indicates the result. In 
the first two samples the additive was migrating from the fuel 
to the water phase, wnile in the last two the migration was 
Larine placesine reverse Orderm ine time nequixed for equl= 
librium was approximately eignteen hours. 

It was realized that the means by which the samples 
in Table 3 were mixed could not be compared with the mixing 
which would take place on board a Ship. In an effort to simu- 
late more closely the mixing that would take place aboard 
ship anothar test was conducted. A 10 gallon can was obtained 
and fuel containing icing inhibitor was siphoned with approx- 
imately a 10 foot head through three-sixteenths ‘inch glass 
tubing and into a pipe wnich extended from the top to the 
bottom e£ the can, Sea water was placed in the bottom of 
the can so that any fuel entering the can had to pass through 
the pipe and come in contact with the water. This would be 
Very sinilar to the mixing proceSsmwhicn would occur in a 
ship. It became evident after commencing the test that the 
turbulence at the bottom of the can was not Similar to that 
Witnessed in loading a ship. Even after a ship's tank is 
nearly full, product motion may be seen by Looking into the 
tank. In the case of the experiment, no motion could be seen 
even after one inch of product had been Siphoned into the can. 
The test was continued, however, in order to See what the 
equilibrium time would be. The can was allowed tc remain 
motionless for approximately two days and the test results 


Shown in Table 4 were obtained during this period. 
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TABLE 4 


TIMA REQUIREMENTS FOR ADDITIVe EQUILIBRIUM TO BE 
ESTABLICHED IN FUEL AND SEA WATER 


ny cen ae ee —“g es 8 er ee ee ee | caf 2 ge Oe eee ee ge pe en ee eee eee Ue Wt A es | ee ee ee 
OIE FO pl TO LT a GR eT, eee OL SES YS Pe EES er ae OE emg oy ee Oe oe ane 





Starting Conditions 
Additive Concen. in Fuel = 0.175% 
Water Volume = 0.1207 


o_ 8p eet 2p Oe. eee ee ee 
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After Time Specified Coucentration In 
—_ Fuel (Per Cent) — 
20 Min. GD 
2a. 0.166 
SieZaHas, 0.163 
Oo ticsy Ojala 
ZO] GHGS. ORIOL 
SHUR YE agbskw 0.150 
44,7 Hrs. 0.144 
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Sere 8 8 8 Se, EA ey AED tt Rg Le em rey ee yg ep ee ere J Eel a ee eS a EE eg OE ee on eee ae eg ey 


A device was constructed which would provide a rock- 
iieemothen tegthe container. The container was supported in 
a cradle. A connecting rod moved by a cam attached to a 
motor shaft on one end and the cradle base on the other pro- 
vided approximately a 20 degree swing on both sides of verti- 
cal. The rate of movement was approximately 40 cycles per 
minute. The rocking device was turned on and the container 
was in motion for the remainder of the testing period. The 


results shown below were obtained during this period. 





After Time Specified Additive Concentration 
In Fuel (Per Cent) 
Sees 0.140 
9 Hrs. 0.139 
ESR 0.134 
20ers. 0.134 


ime auteemewconciudedmirom Whese®tests thaee there is 
a very good possibility that equilibrium will not be estab- 
buchedeby the time a tanker cemphetes Loading. The time re- 
quired to load a tanker with JP4 is dependent on many factors. 
Piyjewecace koadine time for a i2 could be expected™=to be 
about 15 hours. An anti-icing test result from a Ship'‘s 
composite sample would,therefore, be expected to lie in the 
range between the initial concentration in the fuel and the 
calculated concentration at equilibrium. [It is, however, 
possible that the turbulence created in a vessel's tanks 
Will brine the additive much closer to equilibrium than was 


experienced in the laboratory tests. 


dempesature Eifects 

Inorder to.investigate, the effect which could be ex- 
pected when temperature changes occur as a vessel proceeds 
from one climate to another, the tests shown in Table 5 were 
conducted. 

In extreme cases the fuel temperature aboard ship 
might get as low as 35°F. The normal temperature range would 
be 40°F to 90°F. The tests shown in Table 5 merely indicate 
that iz the fuel undergoes a large decrease in temperature the 


PeCaeteiimeoL cor contedt Will not pe Serrously eagteted. 
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TABLE 3 


ADDITIVE CONCENTRATION IN FUEL AT VARIOUS 
TEMPEPATURSS 
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Initial Conditions at Room Temperature after Equilibrium: 
Additive Concentration in Fuel = 0.149%, 
Water = 0.084% 
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Temperature Time Sample at Additive Concen- 
Specified Temper- tration in Fuel. 
mi acure | (Per Cant) _. 
32°F 2 Days Om 2 5 
32°F 5 Days 0.119 
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Initial Conditions at Room Temperature after Eauilibrium: 
AGditive Goncentration in Fuel = 0.152%, 
Water = 9.0347 
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Temperature Time Sample at Additive Concen- 

Specified Temper- tration in Fuel 

= ature Per Gant) 
3226 2 Days 0.126 
32° 5 Days 0.126 
46°F 2 Days 0.149 
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salt Water Effect 
Table 6 shows JP4 specification requirements and the 
results of tests run on the fuel both before and after sea 
water contact. The tests were run by the American O11 Com- 
pany Laboratory, Sugar Creek, Missouri. Test 1 was run on 


a Sample taken from the same storage tank that the fuel used 


Jiecne laboratory tests was mtanen, { containes 26 wicin 
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inhibitor. Test 2 was run on a Sample of the fuel which had 


not been used in any tests but had been retained in a 5 gal- 


lon container during the testing period. This sample should 


have produced test results duplicate to Test 1. Test 3 was 


run on the fuel which contained icing inhibitor and which 


had been exposed to salt water for a period of approximately 


24 days. 


During this period the mixture was intermittently 


agitated by use of the rocking device. 


The results indicate that fuel contact with salt water 


Will have no sienificant effect on the quality of the fuel. 


Sumnary 


The following conclusions were dratm from the lLabora- 


tory tests. 


l. 


Bresthe Gvuantieies Of sue icine itp? eer anday mens 
are known in a mixture, the icing inhibitor content 
of the fuel at equilibrium may be reasonedly pre- 
dicted. 

In order to deternine if equilibrium will be reached 
by the time a tanker is loaded, tests must be per- 
formed actually using a vessel. [In any case, after 
loading has been completed, an icing inhibitor test 
will indicate if the actual icing inhibitor concen- 
tration is within range to meet the desired concen- 
tration at equilibrium. 

The icine inhibitor content of the fuel will not be 


Seriously depleted by temperature changes experienced 





“7 
While aboard the tanker. It snould be noted, however, 
that in cold weather the additive concentration at 
equilibrium will be lower than that predicted using 
dapapta tious ceellictenrenoee20, ATeded cs Gime 
of the partitioning coefficient to use when the fuel 
temperature is not in the 70-80°F range may be found 
in Chapter IIi, page 19. 
The small quantity of salt water remaining aboard a 
tanker Will have no Significant effect on the quality 


of the fuel. 





CHAPTER VI 
COMPUTER SIMULATIONS 


Introduction 

The calculations required to predict additive equi- 
librium concentrations mathematically are not difficult. 
They are, however, time consuming since at least 26 separate 
calculations are required for each tanker. A computer pro- 
gram waS written in order to provide a rapid means of deter-~ 
mining Simulation results. The program also allows the oper- 
ator to estimate the water quantity remaining aboard the 
vessel and to see the resulting additive concentration in 
each compartment due to his eStimate. An econemic analysis 
waS incorporated into the program comparing the cost of dry- 
ing tanks with the cost of increasing the additive content in 
the fuel. Another purpose of the program was to determine a 
procedure for calculating the additional icing inhibitor re- 
duired, which could be simplified and done by hand calcula- 
tion. Appendix E defines the input variables and symbols 
used in the program. The program itself is included along 


with input and output examples. 


Program Operations 
The following input data are required by the program. 
1. The desired icing inhibitor content of the total cargo 
after equilibrium has been established. 
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2. 
3. 


49 
The number of wing tanks the vessel has on each side. 
The number of center tanks the vessel has. 
The additional cost per gallon of product for in- 
creasing the icing inhibitor content above the speci- 
fication maximum of 0.15 per cent. The condition 
which warrants a cost increase may seem somewhat un- 
realistic, yet it was taken from a past military jet 


fuel AG See 


For example, if the icing inhibitor 
concentration is required above 0.150 per cent, the 
aaditional cost per gallon of product is the Same 
regardless of whether the concentration is 0.155 per 
Come OreenLoO per cent, J1t 1S anticipacedven2e i: 
the method of loading described in this thesis became 
common, cost increases Would be established for in- 
cramental increases in additive concentration. The 
method of determining the cost for additional inhidi- 
tor was used onlv because it represented real Life 
conditions which existed at the time the thesis was 
written. 

The hourly cost to operate the type tanker being 
Simulated. The costs used in tnis thesis were ob- 
tained from the Military Sea Transportation Service, 
Washington, D.C. 

An estimate of the amount of water which will remain 


aboard the tanker after it has been stripped dry. 


this-data is opttonal. Tl i1G@%s cnitted, the pregran 
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calculates the eauilibrium concentrations with the 
actual water input data supplied. If an estimate is 
made, the estimated water is used to determine tne 
icing inhibitor concentration of the fuel supplied 
to the ship. The average equilibrium concentration 
is calculated on the basis of actual water in the 
tanks and the effect of a bad estimate may be eval- 
vated. 

7. The actual fuel quantity to be loaded in each shin's 
tank, 
8. The actual water quantities which exist in each 

Ship's tank. 

The acing Mahl bitor concentsattonesupplied in tge wiuel 
to the Ship is determined in the following manner. A pre- 
Selected average additive absorption percentage is set by the 
desired average additive concentration at equilibrium. This 
percentage is multiplied by the total actual water on board 
to determine the average amount of additive which will be ab- 
sorbed by the water. Ths desired additive concentration at 
equilibrium is multiplied by the total barrels of fuel loaded 
to determine the barrels of additive required in the fuel at 
equilibrium. The two icing inhibitor quantities calculated 
are augeq andadivided by the total fuel, This fieure multi- 
plied by 100 is the additive percentage to be injected into 
the fuel pumped to the vessel. 


The actual additive concentration in each ship's tank 





D1. 

HS then calculated by the fommula derived in Chapter Ili. 
Each tank's fuel quantity is then multiplied by its respective 
additive concentration at equilibrium. The barrels of addi- 
tive in each tank are summed and divided by the total fuel 
in order to determine the average cargo additive concentration 
at equilibrium. | 

The economic analysis simply compares the cost of addi- 
tional additive with the cost incurred at various drying times 
and provides the difference either in dollars saved or addi- 


tional cost incurred. 


Program Data 

The data used in the computer Simulations were ob- 
tained from several sources. The fuel quantities were taken 
From past T2 tanker loading reports supplied by the Militazy 
Sea Transpcrtation Service, Washington, D.C. 

The quantity of water which remains aboard a tanker 
after the vessel has been stripped dry is depandent upon 
Several factors. The condition of the pipelines, the condi- 
tion of the strippine pump, and tne trim of the vessel ail 
affect the amount of water which may be removed. The author's 
experience in leading tankers provided him with a good esti- 
mate as to the average amount of water remaining in a T2. In 
order to use the best possible data, approximately 30 ques- 
tionnaires were sent to Spetatines Cankere. Ebene reprice 
were received. The replies came from a number of Sources, 


including first officers, shore pumpmen, Captains, and military 
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petroleum inspectors. None of the estimates received dif- 
fered greatly from any other. Below is the average esti- 


mated water quantity per tank taken from the 8 replies re- 


ceived. 
Prouresvare in Use, Gal lens 
Tank No. Starboard Gen ber ayers 
ie 13 ~~ 13 
Zz Lo 36 13 
3 13 ny 13 
4 18 4.2 18 
be) 16 24 16 
6 17 47 17 
7 22 28 Dre 
5 tak a9 Fail 
2 34 36 34 


Various computer Simulations were run using the water 
quantities above. The fuel quantities used were taken from 
actual tanker Loading reports. ALL o£ the™£icures referred 
tomborow are=reductions of “aetvual "computer output pases, The 
icing inhibitor concentrations shown on the vessel diagrams 
are concentrations in the fuel at equilibrium. All fuel and 
water quantities shown on the figures are in barrels. The 
first simulation was performed using a desired additive con- 
centration in the fuel at equilibrium of 0.14 per cent. Fig- 
ure /a indicates the average additive concentration at equi- 
librium to be 0.139 per cent. It is significant that fuel 
with an additive concentration of only 0.144 per cent had to 
De" roaged aboard the ship to attain the desired result. Figs- 


ures 8a, Ya, and 10a use the same fuel and water quantities; 
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however, water eStimates are made. In Figure 8a, it was esti- 
mated that 50 per cent less water was aboard the ship than 
actually existed. The average additive concentration in 
fuel at equilibrium dropped only 0.002 per cent to 0.137. 
In Figure 9a, fifty per cent more water was estimated aboard 
Li onion AcCtieiliy existed, llieomt inalwaweuace Seouceutia= 
tion was 0.140 per cent and the percentage of additive re- 
quired to be added in the fuel pumped to tha ship still did 
not exceed the maximum Specification limit. In Figure 10a, 
one hundred per cent more water was estimated than existed. 
The results were still within specification limits. In all 
cases, the vessels could have been loaded without drying 
tanks. The dollars saved appear on the economic analysis 
data sheets, Figures /b, 8b, 9b, and LOb. 

Figure lla shows the result of input data requiring 
a Q.L5 per cent average concentration of icing inhibitor in 
the fuel at equilibrium. In this case, the concentration of 
additive in the fuel pumped to the vessel exceeds the maxi- 
mum Specification limit of 0.150 per cent. The cost for the 
additional additive is, therefore, taken into consideration 
in the economic analysis, Figure llb. It would be less ex- 
pensive to Load this vessel by the new method only if the 


drying time was known to be greater than 12.6 hours. 


Summary 
The computer Simulations indicate that there is a very 


go0o0c possibility that T2 tankers may be Loaded without drying 
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tanks and without any additional cost for icing inhibiter as 
long as the icing inhibitor concentration in the fuel pumped 
to the vessel is between 0.135 and 0.150 per cent. 

Even if the icing inhibitor concentration in the fuel 
pumped to the vessel must be greater than 0.150 par cent, it 
Seems likely that increasing the icing inhibitor content in 


the fuel will be more economical than drying a vessel's tanks. 
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CHAPTER VIE 
A PROPOSED FIELD TEST 


The results obtained in the various tests conducted 
in this thesis indicate that the method presented may someday 
be operational. The author is aware that evan now, after 
drying operation has been performed, some ships arrive at 
their destination with jet fuel not meeting the icing inhibi- 
tor Specification. It is hoped that the information pre- 
Somecamercein makes it clear that the agditive 1S Mot tose 
through any means other than water contact. The great major- 
ity of vessels reach their destination with no additive loss, 
and it way be expected that a vessel jloaeen in the manner 
presented would experience no loss other than the loss 
mecounted for. | 

A method to load a vassel will now be presented which 
the author considers feasible as an experiment to determine 
if any problems not considered thus far will arise when the 
thesis method is practically applied. The following assump- 
tions will be made. 

l. The gross quantity of barrels to be loaded aboard 

the vessel is known within 500 barrels. Let us assume 

138 ,300 gross barrels will be Loaded. 

2. It is assumed that the refinery has facilities to 
line blend the icing inhibitor into the fuel while 
Lacie. Cita by OCs leeds 
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loading 


Oo? 
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3. The average desired icing inhibitor content of the 
Eotal cargo at equilibyivmass Oa pensecut. 
4, The fuel temperature is in the range of 70-80°F. 
By uSing Table /, the average amoumt of additive 
which will be absorbed by water aboard the vessel 
is determined as 31 per cent. 
The percentages used in Table 7 were selected from 
the graph in Chapter ILI, page 21, and adjusted sliehtly 
after running computer simulations to determine the most 


desirable value. 


TABLE 7 
ADDITIVE EQUILIBRIUM CONCENTRATIONS IN 
FUEL AND SEA WATE 


re A PR” aT RF A a te ee, ee A te Ip SPD ee BE ee ee D> aE ee ee ee 
a er eee ee ee ee ee Reads RD Ree eg = ee Ra 
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Desired Additive Content Additive Content in Water 
Peet at Bduriibriun Bottoms at Equilibrium _ 

Peg eome PGeeGetitu cease 
On LES) 35.) 

0.14 31.0 

Os lage 20> 

ORLZ 2062 

0.11 24.5 

0.10 iy Le, 
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After the vessel arrives at the dock and has com- 
pleted discharging ballast, a visual estimate of the water 


remainine in each tank should be mace. Let us assume that a 
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total of 966 gallons are estimated to remain. This quantity 
when converted to barrels equals 23.0. The following calcu- 
lations must be performed. 

1. Determination of additive quantity which will be 
absorbed by remaining ballast: 
0.32 KX 23.0 = 7.13 baerelis of adaptive 
2. Determination of additive quantity required for 0.14 
per cent concentration after equilibrium: 
138,300 X 0.0014 = 193.6 barrels cf additive 
3. Determination of additive percentage to be injected 


jato fuel loaded aboard the vesse 


(193.6 r chk ets )L09 20073 = 0.145 Peseccce 
Veee396 9 ge 300 - 


After loading is commenced, the shore Nose line 
Should be checked approximately every hour in order to deter- 
mine that product containing 0.145 per cent additive is being 
loaded. The ship should be sampled frequently. It is pos- 
sible that Low additive concentrations will be experienced 
until a large quantity of fuel has been pumped aboard the 
vessel. After Loading has been completed, average sample 
Should be taken from each ship's tank and a composite Sample 
Should be made from these. The composite sample should test 
between 0.145 and 0.140 per cent additive. Until sufficient 
data has been accumulated to insure that the additive concen- 
tration is relatively uniform throughout the ship, each in- 
dividual tank sample should be tested for additive corncen- 


Great Ol. 
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wnen the vessel e@rrives at the discharge port, the 
water bottoms in each ship's tank could be pumped into the 
receiving shore tank with the fuel and the water drained off, 
Or the Water bottoms in each tank aboard the vessel could 


be Stripped into a shore slop tank prior to discharging 


the fuel. 





CHAPTER VIII 
CONCLUSTONS AND RECOMMENDATIONS 


It would be economically desirable to use the proposed 
method Since in most cases the additive concentration in 
the fuel loaded aboard the vessel need not contain any 
more icing inhibitor than is required by the military 
Specification. In this case, assuming that the average 
tanker drying time is 12 hours and the average cost to 
operate a tanker is $168.00 per hour, an annual savings 
of over 4,006 hours in tanker turn-a-round would result 
in addition to a savings of approximately $/00,000 in 
drying time. It is recommendad, therefore, that field 
tests be conducted to determine if the method can be 
practically adopted. 

Even though the additive concantration in fuel at 
equilibrium is different in each ship's tank, it doas 
not vary sufficiently to restrict any portion of the 
cargo from being discharged in a multiple port discharge 
Situation. 

The additive equilibrium concentrations in known volumes 
of fuel and sea water may be predicted mathematically from 
available partitioning coefficients if the initial addi- 
tive concentration in the Ewell 1S kugiuae 

A. partitioning ccefficient of 220 may be used to determine 
mathematically additive concentrations at equilibrium 1f 
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the fuel is in the 70-80°F temperature range. In order 
to be as accurate as possible, the coefficient correspond- 
ing to the temperature of the fuel should be used. This 
coefficient may be determined from Figure 5, Chapter III. 
Further study of actual additive concentrations in fuel 
and Sea water versus mathematical predictions at varying 
temperatures would be desirable. 
The time required for equilibrium to be established aboard 
a vessel must be determined by field test. Even though 
the time required for equilibrium is not knowm, the 
range in which the additive concentration should be upon 
completion of Loading is known. The additive concentra- 
tion of the ship's composite sample after ceompletion of 
loading will indicate whether or not the additive concen- 
tration at equilibrium will be within specification 
Lue ete 
The small quantity of salt water remaining aboard the 
vessel will not significantly affect the quality of 


the fuel. 
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APPENDIX A 
MILITARY SPECIFICATION TURBINE FUEL, AVIATION, 
GRADES JP-4 and JP-5 (MIL-T~5624G ) 
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SUPERSEDING 
Mile J—Sol2ur 
25 September 196? 
MILITARY SPECIFICATION 
TURBINE FUBL, AVIATICN, GRADES JP-4 AND JP-5 


This specification is mandatory for use by all Departments 
and Agencies of the Department of Defense. 


ee OCOLK 


1.1 Scorve.- This specification covers two grades of aviation turbine 
fuol (ses 6.1). 


1.2 Classification.- Aviation turbine fuel shall be of the folloving 
grades, a3 agpecified (see 6.2): 


Grade NATO No. Deacription 
J Pd, LF JO Wide-cut, gasoline type 
JP-5 (Feu! Hieh flashpoint, kerosene type 


2. APPLICABLE DOCUMENTS 

eine followings documonts, of tho issue in effect on date om invivacion so; 
bids or request for proposal, form a part of this specification to the extent 
specified herein: 


OPECIFICATIONS 


MI L-1=25017 Inhibitor, Corrosion, Fuel Soluble 
MIL-I-27686 Inhibitor, Fuel System Icing 


OTANDARDS 
Federal 
Federal Test Lubricatits, Liquid Fuels, and Related Products; 


Method Std. Methods of Testing 
No. 791 ==. 


Military 


MIL~STD-290 Packaging, Packing and Marking of Petroleum and Related 
Products 


FSC_9130 | 
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MI L-T-56216 


(Copies of specifications, standards, drawings, and publications required 
by suppliers in connection with specific procurement functions should be 
obtained from the procuring activity or as directed by the contracting officer.) 


2.2 Other publications.- The following documents form a part of this speci- 
fication to the extent specified herein. Unless otherwise indicated, the issue 
in effect on date of invitation for bids or request for proposal shall appiy. 


American Society for Testing and Materials Publications 
Remi stendards Parts 17 and 18 


(Copies of ASTM publications may be obtained from the American Society for 
Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania 19103.) 


3. REQUIREMENTS 


3.1 Materials.- The fuel shall consist completely of hydrocarbon compcunds, 
except as otherwise specified herein. 


3.2 Chemical and physical requiremants.- The chemical and physical require- 
ments cf the finished fuei shall conform to these listed in tabdle 1. Require- 
ments contained nerein are not subject to corrections for test tolerances. If 
multiple determinations are made, results falling within any specified repeat- 
ability and reproducibility tolerances may be averaged. 


3.2.1 Water reaction.- In addition to the interface raving specizied in 

a D . s 
table I, JP-4 fuel shall separate sharply from the water layer and there shall 
be no evidence cf an emulsion or precipitate, within or upon either layer. 


3.3. Additives.- The additives listed herein may be "used singly or in 
combination in amounts not to exceed those specified. The type and amount of 
each additive used shall be reported (see 6.3). 


3.3.1 Antioxidants.- The following active inhibitors may be blended 
separately or in combination into the fuel in total Gencentration not anvexcess 
of 8.4 pounds of inhibitor (not including weight of solvent) per 1,000 barrels of 
poe. 1 gm./imeo gal. (U.S.), 2h mg./liverser 167 mg./gal.(U.K.)) in order to 
prevent the formation of gum: 


(2) N,N! - diisopropyl-para-phenylenediamine 
(>) N,N! - disecondary butyl-para-phenylenediamine 
(c) 2,6-ditertiary butyl-L-methylphenol 
(d) 2,4-dimethyl-6-tertiary butylphenol 
(ejmeeeo-diterticr, . butyl pnenol 
(f) 75 percent min. 2,6-ditertiary butylphenol 
25 percent max. tertiary and tritertiary butylphenols 
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3.3.2 Metal deactivator.- A metal deactivator, N, N'-disalicylidene-1, 2 
propane-diamine may be blended into the fuel in an amount not to exceed 2 
pounds of active ingredient per 1,000 barrels cf fuel (2.2 gm./100 gal. 


(Wecepmoeeene./litemor 25 mg./eai. (ULK.)). 


3.3.3 Corrosion inhibitor.- A corrosion inhibitor shall not be added to 
grade JP-l, or JP-5 fuel by the supplier or the transporting agency unless 
prior approval is obtained from the procuring agency. When used, the 
corrosion inhibitor shall conform to MIL-I-25017 and the finished fuel shall 
mest all the requirements specified in section 3. No limit is placed on the 
minimum amount which may be added. The maximum allowable concentration, shall 
not exceed that listed in the latest revision of QPL-25017. If a corrosion 
inhibitor is used, the contractoror transporting activity, or both, shall 
maintain and upon request, make available to the Government, evidence that the 
corrosion inhibitors used are equal in every respect to the product specified in 
MIL-I-25017. 


3.3.4 Fuel system icing inhibitor.- The fuel system icing inhibitor shall 
conform to MIL-I-27686. 

3.4 Workmanship.- The finished fuel shall be visually free from un- 
dissolved water, sediment or suspended matter and shall be clean and bright at 
the ambient tempereture or at 70° F, whichever is higher. 


Lh. QUALITY ASSURANCE PROVISIONS 


4.1 Responsibility for inspection.-~ Unless otherwise specified in the 
contract or purchase order, the supplier is responsible for the performance of 
all inspection requirements as specified herein. Except as otherwise specified, 
the supplier may utilize his own facilities or any commercial laboratory 
acceptable to the Government. The Goverment reserves the right to perform any of 
the inspections set forth in the specification where such inspections are deemed 
necessary to assure supplies and services conform to prescribed requirements. 





4.2 Classification of tests.- For acceptance purposes, individual lots 
shall be subjected to all tests and other requirements cited in section 3. 


4.3 Inspection lot.- 


4.3.1 Bulk lot.- An indefinite quantity of a homogeneous mixture of material 
offered for accenvtance in a single isolated container. 


4.3.2 Packaged lot. - An indefinite number of 55-gallon drums or smaller 
unit packeges of identical size and shape offered for acceptance and filled from 
one isolated tank containing a homogeneous mixture of material. 


4.4 Sampling.- Each bulk or packaged lot of material shall be sampied fer 
verification of product quality and compliance with MIL-STD-290 as applicable, 
in accordance with Method 8001 of Federal Test Method Standard No. 791 (ASTM D270). 
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4.5 Inspection.- Inspection shall be in accordance with Method 9601 
of Federal Test Method Standard No. 791. 


4.6 Test methods.- Tests, to determine conformance to chemical and physical 
requirements, shall be conducted in accordance with Federal Test Method Standard 
No. 791 or ASTM standards, using the applicable methods as listed in table I, 
except for the following. 


4.6.1 Thermal stability.- The thermal stability test shall be conducted 
using a preheater temperature of 300° F, a filter temperature of 400° F, a 
fuel flow of 6 pounds per hour over a test period of 300 minutes. 


4.6.1.1 Reported data.~ The following data shall be reported: 

(a) Differential pressure in inches of mercury at 300 minutes, or 
time to a differential pressure of 3 inches of mercury, which- 
ever comes first. 

(b) Preheater deposit code rating at the end of the-test. 

5. PREPARATION FOR DELIVERY 


5.1 Packaging, packing, and marking.- Packaging, packing and marking shall 
be in accordance with MIL-STD-290. 


6. NOTES 


6.1 Intended use.- The fuel covered by this specification is intended for 
use in aircraft turbine engines, ramjet engines, and rocket engines. 





6.2 Ordering data.- Procurement documents should specify: 





(a) Title, number, and date of this specification. 
(b) Grade of fuel required (see 1.2). . 
(c) Quantity required and size containers desired. 
(d) Level of packaging and packing required (see 5.1). 


6.3 Precaution for mixing inhibitors.- To prevent any possible reaction 
between the concentrated forms of different inhibitors (see 3.3), the fuel 
supplier is cautioned not to commingle inhibitors prior to their addition to 
wreeluels. 


6.4 International agreements.- Certain provisions of this specification 
are the subject of international standardization agreement (ASCC 15/1- STANAG 
No. 1135). When amendment, revision, or cancellation of this specification 
is propoged, the departmental custodians will inform their respective Depart- 
mental Standardization Offices so that appropriate action may be taken 
respecting the international agreement ccncerned. 





Custodians: 
Army - MR 
Navy - WP 
Air Force - (11) 


Reviewer activities: 
Army ~ MR 
Navy = WP 
Air Force - (11), (68) 


User activities: 
Army - Mi, MO 
Navy = 
Air Force ~ 


International interest (see 6.1) 
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SUPERSEDING 
MIL-I-0027686C (USAF) 
16 AUGUST 1953 
MIL--I-276861 

11 FEBRUARY 1963 


CIFICATION 


INHIBITOR, FUEL SYSTEM ICING 


This specification has been approved by the Department of Defense and is man- 
datory for use by the Departments of the Army, the Navy, and the Air Force. 


1. SCOPE 


1.1 This specification covers one type and 
grade of inhibitor, anti-icing, soluble in jet 
turbine fuels. 


2. APPLICABLE DOCUMENTS 


2.1 The following documents, of the issue 
in effect on date of invitation for bids or re- 
quest for proposal, form a part of this specifien- 
tion to the extent specified herein: 


STANDARDS 
FeperaL 

Fed. Test Method Std. No. 141—Paint, 
Varnish, Laequer, and Related Ma- 
terials; Methods of Inspection, Sampling, 
and Testing. 

Fed. Test Method Std. No. 791—Lubri- 
enants, Liquid Fucls, and Related Prod- 
ucts; Methods of Testing. 

Mitrrary 

MIL-STD-105—Sampling Proecdures and 
Tables for Inspection by Attributes. 

MIL-STD-290—Packaging, Paeking and 
Marking of Petroleum and Related 
Products. 


(Copies of specifications, standards, drawings, and 
publications requircd by supplicrs in connection with 
specific procurement functions should be obtained 
from the procuring activity or as directed by the 
contracting odicer.) 

2.2 Other publications. The following doc- 
uments forin a part of tls spcecifieation to the 
extent specified herein. Unless otherwise indi- 
cated, the issue in effect on date of invitation 
for bids or request for proposal shall apply: 


746-T7i— 64 


AMERICAN Society For Trestinc AND Ma- 
TERIALS Punuicatrions 
E70-52T—Deterinination of pH of Aqueous 
Solutions with the Glass Electrode. 
Ds9i—Tests for Specific Gravity of In- 
dustrial Aromatic Hydrocarbons and 
Related Materials. 
Di078—Test for Distillation Range of 
Lacquer Solvents and Diluents. 
1)1209—Trest of Color of Clear Liquids. 
)1218S—Measurement of Refractive Index 
and Refractive Dispersion of IHydrocar- 
bon Liquids. 
D1364—Test for Water in LacquerSolvents 
and Dilucnts. 
D1613-617—Test for Acidity in Lacquer 
Solvents and Diluents. 
(Copies of ASTM publications may be obtained 


from the American Society for Testing and Materials, 
1916 Race Street, Philadelphia, Pa., 19103.) 


3. REQUIREMENTS | 

3.1 Miateriafs. The ingredient materials 
used in the manufacture of the inhibitor shal! 
conforin to the requirements specified hereim. 

3.1.1 Certification. The manufneturer shall 
certify that the ingredient materials have been 
included in the proportions specified in 3.2. 

3.2 Composition. The composition of -the 
inhibitor shall be as specified in table I. 


Tas.e I. Composition 


Ingredleat matertal Percent 
(by welght) 


Ethylene glycol monomethy! ether_....- 99.6140. Of 
CO CCL ON eae ea eee Seite 0.440, 04 


| FSC 6850 | 
SS 
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3.2.1 Properties. The ethylene glycol mono- 
methyl ether ingredient shall have the proper- 
ties specified in table IT. 

3.2.2 Glycerol. The glycerol ingredient shall 
havo the properties specified in table ITI. 

3.3 Properties of the compounded inhibiter. 
The compounded inhibitor shall eonforin to 
tho requirements spceeified in table IV. 


Taris Il, Properties of ethylene glyco! monomethyl 
ether ingredient 


Property Reqnirement 











Acid number, mg. KOH per gram |} 0.09 
(maximum). 

Color, platinum cobalt (maximum).| 15 

Distillation: 


Initial point (minimum)........} 123.5° C 
Pry point (maximum) o22_-..- 125.5° C 
Ethylene glycol (maximum)...---- 0.025 weight 
percent 
Specific gravity (20°/20° C)___...- 0.963 to 0.967 


Tan~n ltl, Properties of glycerol ingredient 


Property Requirement 


— ==: 


Acid number, mg. KOH per gram | 0.09 
(maximum). 

Color, platinuin cobalt (maximum)-_] 20 

pil of 25% solution in water (25° | 6.0 to 7.0 
+2° C). 


Specific gravity (20°/20° C)......-- 1.2623 to 1.2636 


Watcr, percent by weight (maxi- | 0.5 
mum). 





Taso ly. Properties of the compounded inhibitor 


Property Requirement 


Acid number, mg. KOH per gram | 0.09 
(maximum). 
Color, platinum cobalt (maximum) -j 20 


Gcetole. .52 eee oe ".---| 0.36 to 0.44 
welght percent 

pli of 25% solution in water (25° | 6.0 to 7.0 

+2° C). 

Reeinactive index (25° C)_._........ 1.4000 to 1.4010 

Snecinc gravity (20°/20° C)_._..-- 0.965 to 0.969 

WY SCC Te IMO SIMU). oo < mane oan 0.2 weight 
percent 


3.4 Workmanship. The ingredient matertals 
sball bs assembled and processed in accordance 
with high-grade commercial practice to produce 
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an inhibitor uniform in quality and free from 
suspended and foreign matter (see 4.5.1). 


4. QUALITY ASSURANCE PROVISIONS 


4.1 Responsibility for inspection. Unless 
otherwise specified in tho contract or purchase 
ordcr, the supplier is responsible for the per- 
formance of all inspection requirements as 
specified herein. Except as otherwise specified, 
tho supplier may utilize his own facilities or 
any other commercial Ieboratory -acceptablo 
to the Government. Tho Government reserves 
the right to perform any of the inspections sot 
forth ia the specification where such inspections 
aro deemed necessary to assure supplies and 
serviees conform to preseribed requirements. 

4.2 General inspection provisiens. Except 
where otherwise indieated, the provisions of 
this section are applicable to the compounded 
inhibitor. The quality assurance of ingredient 
materials covered by applicablo specifications 
shall be in accordanco with such specifications. 
Sampling and inspection of ingredient meterials 
not covered by separate specifications shall be 
os specified herein. Unless otherwise specified, 
general inspection provisions shall be in ae- 
eordarico with Method 9601 of Federal Test 
Method Standard No. 791. 

4.3 Sampliag.’ 

4.3.1 Sampling of ingredicnt materials. Tho 
ethylene glycol monomethyl other and glycerol 
ingredient materinls shali be sampled in ac- 
cordaneo with Method 8001 of Federal Test 
Method Standard No. 791. Samples seleeted 
for ethylene glycol monomethyl ether shall bo 
subjected to the tests for acid numbor, color, 
distillation, ethylene glyeol (percent), and spo- 
cific gravity as speetfied in 4.6.1 through 
4.6.1.1.3. Samples seleeted for glycerol shell 
be subjected to the tests for acid number, 
color, specifie gravity, water, glyecrol (pereent 
by weight) and pl{ of 25 percent solution in 
water as specified In 4.6.1, 4.6.1.2, and 4.6.1.3. 
Sampling and testing of the ingredient materials 
shall be conducted prior to eompounding. 

4.3.2 Sampling of product. The inhibitor 
shall be sampled in accordance with Method 
8001 of Federal Test Method Standard No. 
791. The samples shall bo subjected to tho 
examination of product and all tests specified 
under 4.6, with the exeeption of tho test for 





ethylene glycol (perceut by weight) (see 


4.6.1.1). 
4.3.3 Sampling for inspection of filled con- 
tainers. A random sample of filled containers 


shall be selected from each lot, in uceordanco 
with Standard MIL-STD-105, inspection level 
TY, AQUL of 2.5 percent defective. Tho sample 
containers shall be subjected to the exaiina- 
tion of filled contnmers as specified m 4.5.2. 

4.4 Report of tests. The manufacturer slrall 
submit test reports to the procuring activity 
showing the results of all tests specified herein. 
Tho report shall be accompanied by tho certi- 
fication of ingredients as required in 3.1.1. 

4.5 Examinations. 

4.5.1. Examination of product. Samples 
selected in accordance with 4.3.2 shall be 
visually examined for compliance with 3.4. 

4.5.2 Hramination of filled eontarners. Mach 
cortuiner selected as specified in 4.3.3 shall be 
examined for defects of the contamer and clo- 
sure, for evidence of leakage, for unsatisfactory 
markings and all other preparation for delivery 
requirernents. Jfach filled contamer shall also 
be weighed to determine the amount of cor- 
tents. Any container in the samplo having 
one or inore defects or under required fill shall 
be rejected. 

4.5.3 Hzamination of empty containers. Con- 
tamers shall not contam any foreign material, 
such as solids, corrosion products, water, or 
other sediments. Container seams shall be 
‘inspected for evidence of metal erosion, flux, 
solder, and such materials as would contami- 
nate the product. Any container not meeting 
these criteria shall be rejected. 

4.6 Test nicthods. 

4.6.1. The inhibitor and its ingredient ma- 
terials shrall be tested in accordance with test 
inetliods listed in table V and other methods 
as described in 4.6.1.1, 4.6.1.2, and 4.6.1.3. 
4.6.1.1 Lthylene glycol (percent by weight). 
Tho percent of ethylene glycol in tho ethylene 
glycol monomoethyl ether componcut shall be 
determined as specified in the following 
subparagraphs. — 

4.6.1.1.1 Reagents and materials. Unless 
otherwise indicated, all reagents shall be 
American Chemical Society reagent grade, or 
equivalent. References to water indicats dis- 
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Taste V. Test methods | 

Test ASTM Method No, 
Acid nunmibepe- 2-222 - 2-2 = D1613-61T 
Colors gz a ete es noc re D1209 
Distillation. ...... see ‘..| D1078 
Refractive index... ae ee D12158 
Speciiicteravity..2-...-..--2 seen D891 (Method C) 


Wolter... oe ee D1364 





tilled or deionized weter. Tho following ma- 
terials shall be prepared: 

(a) Oxidizing reagents: To a solution of 5 
grains (g.) of periodic acid (ILTO,) in 
200 milliliters (ml.) of water, add 800 
ml. of glacial acetic acid. Store the 
solution in a dark, well-stoppered 
bottle. 

(b) Potassium iodide: 
aqucous solution. 

(c) Sodium thiosulfate, standard 0.1 N: 
Standardize by an aecepted procedure. 

(d) Starch Indicator solution: One percent 
aqucous. 

4.6.1.1.2 Procedure. 
dure shall be performed: 

(a2) Pipette 50 ml. of the oxidizing reagent 
into each of four 500-ml. iodine flasks. 
Reserve two of tho flasks for the blank 
determmation, 

(b) Introduce 50 g. of the saniple, weighed 
to the nearest 0.1 ¢., into cach of two 
flasks and swirl to effect soluticn. 

(c) Allow the flasks to stund for 30 mim- 
utes at room temperature. 

(d) While swirling, add 10 ml. of 20-percent 
potassium iodide solution to each flask 
in turn iminediately before titrating, 

(ec) Titrate tho contents of cach flask to a 
palo yellow color with standard 0.1 
N sodium thiosulfate. Add 1 ml. of 
starch indicator aid titrate to the 
disappearance of the blue color. 

(f) If the net titration is more thar 20 
ml., repeat the determination, using 
a smaller sample size. 

4.6.1.1.3 Calculations. Culeulate the con- 
centration of othylene glycol as: 

Weight percent ethylene glycol 


_{B—A) (N) (3.103) 
- (S) 


Twenty percent 


The following proee- 
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Where A=1ul. of sodium thiosulfate re- 
quired for the sample 
B=average ml. of sodium thio- 
sulfate required for the blank 
N=normality of sodinin thiosulfate 
S=erams of suimple. 

4.6.1.2 Glycerol (percent by weight). The 
procedure shall be as specified in 4.6.1.1.2, 
except the sample size shall weigh 10 g. to the 

nearest 0.1 milligram, 
— 4,6.1.2.1 Calculations, 
centration of vlycerol as: 


Culaate the con- 


(B-A) (N) (2.302) 


Weight percent glycerol= S 


Where A=inl. of sodium thiosulfate re- 
quired for the semple 
B=average ml. of sodium thio- 
sulfate required for the blank 
N=norinality of sodium thiosulfate 
S=welght of sample (gram). 


4.6.1.3 pll of 25 percent solution in water. 
Twenty-five ml. of the inhibitor shall be pi- 
petted into a 100-ml. volumetric flask and 
filed with freshly boiled and cooled distilled 
water having a pIl of 6.5 to 7.5. The pli 
value shall be measured with a p¥l meter cali- 
brated in accordanee with ASTAIL Method 
70-527, 


5 PROPARATION FOR DELIVERY 


5.1 Packaging, packiny, and marking. The 
packuging, packing, and marking sball be im ae- 
cordance with Standard MIL-STD-290. The 
shipment marking nomenclature shall be: IN- 


TI TOR, PULL SYSTEM ICING. 


5.1.1 Precautionary markings. In addition 
to the markings required by 5.1, each container 
shall be marked with the following preeaution- 
ary marking: . 


TO BE USED ONLY AS AN ANTI-ICING 
ADDITIVE FOR JET TURBINIE EN- 
GINE FUISLS. 


6. NOTES 


6.1 Intended use. The inhibitor is intended 
for uso as an anti-icing agent to be added to 
jet turbine engine fuels, 


6.2 Ordering data. Procurement documents 
should specify: 
(a) Title, number, and date of this epeci- 
. fieation, | 
(b) Responsibility for itisection records, if 
other than supplier (see 4.1). 


(c) Applicable levels of packaging and 
packing (See 5.1). 
6.2.1 Unit of purchase. Unit of purchase is 


the U.S. gallon of 231 cubie inches at 15.5° C 
(60° I*). 

6.3 International standardization. Certain 
provisions of this specification are the subject 
of international standardization agreement ABC 
AIR STD 15/1 and STANAG 3437. When 
amendment, revision, or cancellation of this 
specification is proposed, the departmental 
custodians will inform their respective Depart- 
mental Standardization Offices so that appro- 
priate action may be taken respecting the 
international agreement concerned, 


6.4 Marginal indicia. 
specification are marked to indieate where 
changes, deletions, or additions to the previous 
wsue Lave been made. This is done as a con- 
venience only and the Governiment assumes no 
liability whatsoever for any inaccuracies in 
these notations. Fivures are not so marked. 
Bidders and contractors are enutioned to evalu- 
ate the requirements of this document based on 
the entire content as written, irrespective of 
the marginal notations and relationship to the 
last previous Issue. 

Custodians: 

Army—MU 

Navy—Weps 

Air Force—ASD (12) 
International interest (see 6.3) 
Reviewer activity: 

Army— 

Navy—Weps 

Air Force—ASD (11) 
User activity: 

Army— 

Navy— 

Air Force— 
Preparing activily: 

Air Force—ASD (11) 
Project No. 6850-0132 

Review/uscr inforination is current as of the cate of 
this docuinent. For future coordination of changes to 
this document, draft circulation should be based on the 
information In the current Federal Supply Classifica- 
tion Listing of DoD Standardization Documents. 


The margins of this | 
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MII-I~27686D 
AMENIMENT -— 1 
6° SEPTEMBER 1966 


MILITARY SPEC IFICATION 
INHIBITOR, FUEL SYSTEM ICING 
This amendment forms a part of Military Specification MIUJ-I-27686D, 
17 September 1964, and is mandatory for use by all Departments and 
Agencies of the Department of Defense. 
Page 1: Add as new paragraph: 
"1.2 Classification. -— The NATO symbol for this material is as follows: 
S-7L& i 


Page 2, table II: Add the following as last two items of table: 


Property Requirement 
Van eot (25). solution in water 630 vo 7.0 
(25° 42° C) 
Water, percent by weight OE 
(maximum ) 


Page 4, paragraph 6.3, fourth line: Delete "STANAG 3437" and substitute "STANAG 1235" 


Custodians: Preparing activity: 
Army ~ MU Air Force — (11) 
Navy -— AS 
Air Force ~ (11) Project No, 6850-0288 


Reviewer activities: 
Army ~ MU 
Navy - AS 
Pane fomces- (11). (68) 


[ eso 6350 | 
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DETERMINATION OF FUEL SYSTEM ICING 
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July 1, 1965 


DETERMINATION OF FUEL SYSTEM ICING 


INDUBITOR 


HYDROCARBON FUELS 


(Refractomeier Method) 


1. SCOPE 


1.1 This method ig used for the determina- 
tion of 0.05 to 0.20 volume percent ethylene 
glycol monomethyl ether, CH,;0(CH,).OH, 
and glycerine, CHOH (CH.OH), as icing 
inhibitor in turbine fuels. Refer to Mil. 
Spec. MIL-I-27686 for details on fuel sys- 
tem icing inhibitor. The test consists of 
removing the ethylene glycol monomethyl 
ether and glycerin from the hydrocarbon 
fuel by extraction with water. The amount 
of icing inhibitor ith the extract is deter- 
_ mincd by measuring the difference between 
its refractive index and that of .the water 
used in making the extraction. | 


2, SPECIMEN 


2.1 Eight hundred ml. of hydrocarbon fuel. 


3. APPARATUS 


3.1 Portable differential refractometer 
kit. The kit includes the differential refrac- 
tometer and all other equipment necessary 
to perform the evaluation. All items except 
the differential refractometer are standard 
laboratory items available from supply 
house. 


Note 1. The kit used in this test method is avail- 
able from the Seiscor Produets Section, Seismograph 
Serviee Corp., P.O. Box 1590, Tulsa, Oklahoma. It 
contains, in addition to the refractometer, a built in 
ting stand, a one-liter separatory funnel, a 200 ml. 
graduate, syringe and ncedle for cell cleaning, one 
polyethylene wash bottle, one polyethylene bottle 
for distilled water, one glass bottle, four glass vials, 
and a tube of stopeock grease. All the above are 
housed in a luggage type case. 


4, MATERIALS 


41 Ethylene glycol monomethyl cther- 
glycerin standard solution for calibration 
of instrument. (These ‘solutions should be 
made in a laboratory where necessary equip- 
ment is available). Pipet 8.0 ml. of ethylene 
glycol monomethyl ether-glycerin solution 
into 500.0 ml. of distilled water (volumes 
must be accurate) and mix thoroughly. The 
final solution is equivalent to 0.10 volume 
percent of ethylene glycol monomethy] ether- 
glycerin in fuel. Repeat using 4.0, 12.0, and 
16.0 ml. of ethylene glycol monomethy! 
ether-glycerin solution in the first step 
thereby making standard solutions of equiv- 
alent 0.05, 0.15, and 0.20 volume percent 
in fuel. | 


4.2 Distilled water. 


4.3 Weak water-detergent solution consist- 
ing of 1 quart commercial liquid dishwash- 
ing detergent to 100 parts distilled water. 


5. PROCEDURE 


5.1 Preliminary steps in zeroing instru- 
ment. With light switch released, zero po- 
tentiometer with the screw located directly 
below the scale. Fill all the cells of the cell 
block with distilled water. Place cell block 
in light path and close cover. Zero the 
meter with the adjusting screw located near 
the upper right corner of the potentiometer. 
Clean and dry center ceil of cell block. (Use 
weak detergent, rinse with distilled water, 
and dry with syringe and needle provided). 


5.2 Calibratien curve. This is prepared 
by determining differential refractive index 
measurements on the known solutions listed 
in 4.1, and plotting the vernier reading 
against the known amount of icing inhibitor. 
Once a curve has been prepared for a given- 
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cell and instrument, it can be used indefi- 
nitely. (If batteries are changed, or minor 
repairs made, checking of one point on the 
calibration curve should be sufficient. If 
the cell block is replaced, a new calibration 
curve should be drawn). 


5.3 Extraction of hydrocarbon fuel. 
Measure 800 ml. of hydrocarbon fuel to be 
tested, into a one-liter separatory funnel. 
Measure 50 ml. of distilled water into the 
fuel in the one-liter separatory funnel. 
Shake the separatory funnel vigorously by 
hand for three minutes. Place the funnel in 


a ring holder so that the layers may sepa- 
rate. Then draw off most of the water layer 
into a previously cleaned and dried two- 
ounce bottle. TAKE CARE NOT TO DRAW 
OFF ANY CF THE HYDROCARBON 
LAYER. 


FED. TEST METHOD STD. NO. 71a 
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5.4 Differential refractive index mieas- 
urenient. Using the syringe and special 
needle supplied, rinse the center cell three 
times with the extract. Place cell block in 
the refractometer. Depress the light switch 
located near the left front corner of the 
instrument. Zero the potentiometer by ro- 
tating the vernier scale. Note reading on 
vernier scale and apply to calibration curve 
to obtain volume percent anti-icing additive 
in the sample of fuel. 


6. PRECISION 


6.1 Duplicate determinations should not 
differ from the mean by more than + 0.000 
in the range of 0.05 to 0.20 volume percent 
ethylene glycol monomethy! ether-glycerin. 


Preparing activity. 


Air Force—WPAFB, 1964 
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METHOD 5327.3 
July 1, 1985 


DETERMINATION OF FOEL SYSTEM ICING 
INIIBITOR IN HYDROCARBON FUELS 


1, SCOVE 


1.1 This method is used for determination 
—of 0.05 to 0.20 volume percent ethylene gly- 
col monomethyl ether CH,O(CH1,).0OH and 
glycerol CHOH (CH.OH). (synonym: methyl 
cellosolve and glycerin in hydrocarbon fuels). 
The test consists of removing the methyl 
cellosolve and glycerin from the hydrocarbon 
fuel by extraction with water. The water 
solution is allowed to react with an excess 
of standard potassium dichromate solution 
in the presence of sulfuric acid, and the ex- 
cess dichromate is determined idometrically. 


2. SPECIMEN 

2.1 25.0 ml. of hydrocarbon fuel. 
3. APPARATUS 

3.1 Erlenmeyer flask. 50 ml. 
memtrouplate. 


3.3 Iodine flask. 500 ml. 


3.4 Separatory funnels. One hundred 
twenty five ml., pear shaped with supportings 
and stand. 


3.9 Test tubes. 
support rack. 


Pyrenees x 175 min,,. vith 


3.6 Volumetric glassware. 

3.6.1 Burets, 25, 50 ml. 

3.6.2 Pipets, 5, 10, 25 ml. 

3.6.3 Flasks, 100, 5°, 1000 ml. 

3.7 Glass stoppered bottles. 

3.8 Interval timer. 

4, REAGENTS AND MATERIALS 


Unless otherwise indicated, all reagents 
shall conform to the specification established 
by the Committee on Analytical Reagents of 
the American Chemical Society where such 
specifications are available. References to 


water shall be understood to mean distilled 
or deionized water. 


4.1 Crushed ice. 


4.2 Methyl cellosolve-glycerine standard 
solution. Pipet 10.00 ml. of methy! cello- 
solve-glycerin solution into a l-liter volu- 
metric flask. Dilute to volume with water 
and mix thoroughly. Pipet 10.00 ml. of the 
diluted additive into 100-ml. volumetric 
flask, dilute to volume wilh water and mix 
thoroughly. The tinal solution contains 0.10 
percent by volume of methyl cellosolve- 
glycerin, 


£3 Potassium dichromate solution, stand- 
ard 0.2000 WN. Dissolve exactly 4.9035 g. of 
potassium dichromate (dried 1 hour at 
110°C.) in Water. Transfienm to ea: 500-m!: 
volumetric flask and dilute with water to 
volume. Mix thoroughly. 7 

4.4 Potassium iodide. Crystals. 

4.5 Sodium thiosulfate solution, standard 
0.100 WW. Dissolve 25 + 0.1 g. of sodium 
thiosulfate (Na.5.0, ° 5H.:O) in 1 liter of 
water. Add 0.01 g. of sodium carbonate to 
stabilize the solution and mix thoroughly. 
Allow the solution to stand 24 hours before 
standardizing. This solution should be 
standardized every two weeks. To stand- 
ardize, pipet 10.00 ml. of 0.2000 N potas- 
sium dichromate into a 500 ml, iodine flask, 
add 5.00 ml. of concentrated sulfuric acid 
slowly from a buret. Add about 50 ml. of 
water and cool to room temperature. Add 
approximately 3 g. of potassium iodide and 
mix thoroughly. Titrate with the sodium 
thiosulfate solution, swirling the liquid con- 
stantly until a brown color has changed to 
a yellowish green. Add 2 ml. of starch in- 
dicator solution and ccntinue the titration 
until the color changes sharply from 
dark blue to a light bluish-green. When ap- 
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proaching the end point be careful to swirl 
the iodine flask and contents vigorously 
atter the addition of each drop of thiosul- 
fate. Calculate the normality of the sodium 
thiosulfate solution as follows: 


Normality (4) of Na,S,0, = 
(mls hk Gr,0,) (NK-Cr.0.) 
Ml. Na,S,0, 


46 Starch indicator solution. Mix 4 
grams of soluble starch and 10 mg. of mer- 
curic iodide (preservative with 10 ml. of 
water, and add the suspension slowly to 1 
liter of boiling water). Boil for 5 minutes. 
Cool the solution and store in a glass stop- 
pered bottle. 

4.7 Sulfnric acid. Concentrated, 
ioe 


sp. gr. 


» PROCEDURE 


5.1 Determination of factor F.  Defini- 
tion: factor F = ml. of methyl] cellosolve- 
glycerin per milli-equivalent of potassium 
dichromate. Pipet 5.00 ml. of the methy! 
cellosolve-glycerin standard solution (4.2) 
into a 22 x 175 mm. test tube. Add from a 
pipet 10.0 ml. of 0.2000 N potassium di- 
chromate solution and place the test tube in 
an ice bath. After the solution has been 
chilled add from a buret 5.00 mil. of concen- 
trated sulfuric acid while constantly swirl- 
ing the test tube in the ice bath. THOR- 
OUGH MIXING OF THE ACID AND 
AQUEOUS PHASES WITHOUT OVER- 
HEATING IS IMPERATIVE. After the 
solution has cooled, place the test tube in a 
bath of boiling water for exactly 10 min- 
utes. Return the test tube to the ice bath 
and allow to cool to room temperature or 
below. Transfer the contents of the test 
tube to a 500-ml. iodine flask. Wash the 
test tube 4 times with 5-ml. portions of 
water and add the washings to the iodine 
flask. Add approximately 3 g. of potassium 
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iodide and titrate with the standard 1 N 
sodium thiosulfate solution to a starch end 
point. The starch end point is described in 
4.5. When approaching the end point be 
careful to swirl the iodine flask vigorously 
after the addition of each drop of thiosulfate. 


Make three determinations of factor F 
and calculate the average value. None of 
the three should differ from the average by 
more than + 0.0001, 


0.005 
2.002 (VzNq) 


ae 0.005 
TKN (Va, = 


where: 
0.005 = ml. of methyl cellosolve-clycerin in 
aliquot of standard solution analyzed. 
V,, = mi. potassium dichromate. 
Ny = normality of potassium dichromate. 
Vy = mi. sedium thiosulfate. 


N, = normality of sodium thiosulfate. 


a2 Analysis of hydrocarbon fuel. Pipet 
25.0 ml. of sample into a dry 125-ml. sepa- 
ratory funnel, and ada from a pipet 25.0 
ml. of water. Stopper the funnel and shake 
vigoronsly for 2 minutes. Allow the two 
phases to separate, and drain the water 
layer into a dry 50-ml. Erlenmeyer flask. 
Pipet 5.00 ml. of this solution into a 22 x 
175 mm. test tube. Add from a buret or 
pipet 10.00 ml. of 0.2000 N potassium di- 
chromate solution, and place the test tube 
In an ice bath. After the solution has been 
chilled add from a buret 5.00 ml. of con- 
centrated sulfuric acid while constantly 
swirling the test tube in the ice bath. 
THOROUGH MIXING OF THE ACID 
AND AQUEOUS PHASES WITHOUT 
OVERHEATING IS IMPERATIVE. After 
the solution has cooled, place the test tube in 
a bath of boiling water for exactly 10 min- 
utes. Cool the solution to room temperature 
in an ice bath. Quantitativel:: transfer the 
solution to a 500 ml. iodine flask, rinsing the 





test tube four times with 5 ml. portions of 
water and adding the washings to the flask. 
Add approximately 3 yg. of potassium iodide, 
and titrate with standard 0.1 N sodium 
thiosulfate solution to a starch end point. 
The starch end point is described in 4.5. 
When approaching the end point be careful 
to swirl the iodine flask vigorously after the 
addition of each drop of the thiosulfate. 
THE METHOD IS NOT APPLICABLE IF 
THE VOLUME OF THIOSULFATE USED 
INDTHE TITRATION IS LESS THAN 
§.0 ML. 


5.3 Make a blank deterinination by re- 
peating the above procedure using a sample 
of the fuel (under test) taken before the 
introduction of the additive. 


6. CALCULATIONS 
6.1 Calculate the methy! cellosolve-glycer- 


in content of the hydrocarbon fuel as 
follows: 


Volume % methy! cellosolve-glycerin = 


100 F [ (VoN,,) er (V..N>) ] 


AS 





ray 
HT 


factor defined in par, 6.1 
Vp = ml. of potassium dichromate. 
Ny = normality potassium dichromate. 


ml, cf sodium thiosulfate. 


AS 
I! 
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N, = normelity sodium thiosulfate. 


= aliquot fraction of water extract used, 


S = ml. of hydrocarbon fuel sample. 


When the instructions inthis method are followed 
exactly, the equation may be reduced to: 


Volume % methyl cellosolve-glycerine = 


20F [ 2.000 - (V_N-r) } 


6.2 Calculate the value of the blank in 
the same manner as for the sample. 


6.3 Subtract the blank value from that 
obtained in 6.1 to obtain the corrected vol- 
ume percent of methyl cellosolve-glycerin for 
report. If normaily high FS11 values are 
obtained on the finished blend at the’ point 
of receipt, it is recommended that the local 
Quality Control office be requested to obtain 
a sample of the uninhibited fuel fiom the 
source of supply to use in making blank 
determinations on this product. 


7. PRECISION 
Duplicate determinations should not differ 
from the mean by more than + 0.005 in the 


range of 0.05 to 0.20 volume percent methy! 
cellosolve-glycerin. 


Preparing activity : 


Air Force--WPAFLB, 1964 
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THE COMPUTER PROGRAM 


Input Variables Defined 

DESATA - the desired anti-icing content of the total cargo at 
equilibrium. Limited to the following values 0.190, 
Oldie On) reas dee Oe Ome 

NUMWTK - the number of wing tanks the vessel has per side. 

NUMCTK - the number of center tanks in the vessel. 

PRICE - the additional cost per gallon of JP4 if the additive 

treatment exceeds the maximum specification Limit of 
QO.15 per cent by volume. The additional cost is read 
in dollars per gallon of product. 

DRYCST - the cost per hour to operate the tanker, i.e. the 
dollars lost per hour while the vessel is drying 
tanks at the pier. 

H20EST - the total barrels of water estimated aboard the tanker. 
If value is zero, the additive concentration in the 
fuel pumped to the Ship is calculated, using the 
actual water aboard the vessel. 

FUELS(I) - the product quantity in barrels to be loaded into 

each starboard tank. 

FUELC(I) - the product quantity in barrels to be loaded into 

each center tank. 

FUELP(I) - the product quantity in barrels to be loaded into 

| each port tank. 
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WATERS(I) - the water quantity in barrels remaining in each 
Starboard tank. 
WATERC(I) - the water quantity in barrels remaining in each 
center tank. 
WATERP(I) - the water quantity in barrels remaining in each 
POrearank. 
Figure 12 shows the input data arrangement for a T2 


class tanker. 


Symbols in the Program 

COEFF - the partitioning coefficient at 80°F. 

BBLINW - barrels of additive which will be absorbed by the 

water on board. 

0.997 - volume per cent of ethylene glycol monomethyl ether 
Perino LONE DL bom. 

BBLINF - barrels of additive required to satisfy the desired 

additive concentration in the fuel after equilibrium. 

Een = volume. per cent of icing inhibitor to be injected 

into the fuel. 

AFI - the initial additive quantity injected into a ship's 

tank which will provide icing protection. 

A,B,C - the coefficients of the quadratic equation used to 
Solve for the additive concentration in water at 
equilibrium. 

AW - the actual barrels of additive which will be absorbed by 


the water in a particular ship's tank. 





97 
AIASTK(K) - the actual icing inhibitor concentration of ene 
fuel in each starboard tank after equilibrium. 
ATACTK(M) - the actual icing inhibitor concentration of the 
fuel in each center tank after equilibrium. 
ATAPTK(N) - the actual icing inhibitor concentration of the 


fuel in each port tank after equilibrium. 


TOTICE - the total barrels of icing inhibitor in all the fuel 

after equilibrium. 

CONCEN - the average icing inhibitor concentration of the 
total cargo at equilibrium. 

AICCST - the additional cost per barrel of product if addi- 
tional icing inhibitor must be injected. 


ATACST 


the total additional cost of the Bargo due to Ene 

requirement of increasing the icing inhibitor con- 
cent. 

HOURS - the point in time where drying cost equals cost to 


increase icing inhibitor concentration. 


Qutput Examples 


Output data for a T2 class tanker may be found in 
Chapter VI. Figures 13a and 14a show output data for a vessel 
having a tank arrangement unlike a T2. Figures 13b and 14b 


show the respective economic analysis data sheets. 


The Program 
The computer program follows the output examples dis- 


cussed above. 
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AN ICING INYDIETHR ENUILIBRTUM STIMULATION 


CC ASTECTNG TYNTRETOR FON(L TAR TUM STMULATION | 








Cc C 
OF ee ee eee RETF O ERE Rea Ta EHRETHRESERE ROR RHREEHEREHRREHRHREH ROSE ERED EDR OEC 

C ee c 
—-@= Pi TOS 2S as C 

C A SI™ylarioy OF ICING THHITAT NR EQuILI¥Rium CONDITIONS AQOARN A TANKER C 
—¢- Be cree nee. cee ee oe) ae Ree: see eee ae oe 

Cc C 


COO OFFER eee HSE HA EHHAHER HERR REHEARSE ERE RAHHHHREHRREREHRHEHEEHEHERH RE HHHREEEEL 
CEPENSTION FUEL ScaSyeFyFLO (15 oF YELP iS). WATERS(1S) WATER (I5I,NATE , 
PPR ey PALASTK (15), ALACTHC75) AlLAPT# E957, TACOSTCqan), ALISSCLOD) Gal 


2h (3017) : 
Sempre (i) (52 oe mmm ~~ eae OR aaa ce aa 
cc REAL IN DESIRED ICING INAT31TNR CANTE“T OF TOTAL CaRGNCIN PERGENT,, NUMQER 
CC CF WING TANKS VESSFL HAS DrviNFD AY 2,°1UMBFR OF CENTER TANKS VESSEL Has, 
cc ADCITIAnaL COST PER GALLON OF PROIADIICT IF ICING THTALINR TREATHENT FXCFENS 
Ec MACIVMUY SPECTFICATION LIMTT AF 9.15 PERCENT (COST 15 REAN IN G,), CNST 
cc PER FOUR TO APFRATE TAYKFEQ(KY,FSTIMATEN RAPRFLS AF WATER REMAINING aARODARN 
—CCG~ TANKER(OPTIO‘IAL) aa ye a 2 rn . ; So a ee 
q FEADCS , 20LIDE SATA, NIM ATK NIMC TX, PRICE  NRYCST,HA0FST ? 
90{ FORMAT (F11,.3.2119.F1N,5,9F19,9) ji j ? 
IFCDESAT4,FQ,0.0969 TO 999 7 
eG READ Ih FFL QNANTITIES FROM BIW TO STERN FOR FACH CARGO TANK IN 
cc FOLLOWING ORDER = ALL STARPOARY TANKS, ALL CENTER, ALL PART TANKS 
Po) bea ene CF UELSC Tis Tat, NUMUT ) Le iad ee eat a, ens 10 
REANCS, 2NAICFVELC CTs Ter. NiyMer%) 15 
lanl RES@D(S, 20 2,¢FUFL OCT), feat NiuMyt<) an 
202 FORMAT ¢(aFInN,N) 25 
Cc FEAD IN ACTUAL WATFR QUAN TE TICS IN SAMF ORDER AS FUEL 
READCS, 2NSICwATEPS( LT). 1T]e1, srimMyTK) 25 
CU MEADS STS) (CU ATEOC (1), 221. °UMCTRK) om a 3n 
FEADC KS, ANS) CHEATERP(C I), T Si sUMWTK) 35 
203 FOSMAT(8F19,1) i‘ | ; *0 
cc CESTREN avFERAGE ICING INKIPI TOR SETS ESTIMATED PERCENTAGE OF ADDITIVE 
EG TO BE ARSOPRED BY WATER 
IFCDESATALE9, 0,15) ASSPFR=AN, 385 4n 
=" =—"——  TFCDESATA.,FO.9. 14) A9SPFREN, BIN a | 43 
TFCDESATA,FO.,0.L 3PASSPFREN, 295 ‘ 46 
IFCDESAITA.FO.0.17)ASSPFReN, 245 a 49 
IFCDESATA.EN.9.641 DANSPFRZ0.245 5? 
“TF CDESATAL ENN. AN ASSPEREN 290 i 5S 
cc bATER AND FujFL QyAMNTITIES ARE Siuj"MFD yyP 
BA TERL SO, 0 : ab oes ” ; eid 5A 
wATER 320,90 én 
SUris0 ,c 64 
a Su* 220.0 A? 
Suh 320,0 A3 
ee CD ZNSE, MIIMYTA 44 


SUM2=FIEL SEN eSUh2 45 
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AN ICING TNHIALTTOR EQUILIRRIUM SIMULATION. 


ee ee - — oi) = = —_ oS Se SG ee ga a —-—.s = = oo : - - ee 


T SMUREF SEWATERS (8) CWAYERO °° 000 ee ee ene 
SUPLFFUELP OM) eSuMt “we 67 
5 rr ae i sag? (Nye Aa EES NE IMENT Og 8 68” 
Secon TINE 69 
Swe Om SS a4, HigreC + ar lr —.. “aa 74 
SUPZFFUELC (Uy eStM3 | 72 
“WATERS: Pee SuATERT OO PEED APSE. OE RR i) 
3 Cos TINk 74 
ak FUEL= Slli4q¢Siih2¢SuMs - - alee Cee sg ice inti Pa 76 ' 
TOTHA0S CATER +e VATERDOWATERR A 77 
cc IF NC warEP FSTIMATE 1S PROVIDED. THE ADDITIONAL RARRELS OF ADDITIVE ‘ 
CC RECUTRE) APE CALfULATEN SING THF ACTUAL WATER QUANTITY 
= eee ethene st.Fo.tenoun To 45 : ae 4 |.) 
CC IF A AATER ESTIMATE TS PROVINED, THE aNDITIONAL RARRFLS OF ADDITIVE 
Ge RECUIRFLD APE CALCULATEN WISIN THE ESTIMATED WATER QUANTITY 
ERLIN ws aARSPERSHIANESTs0O,997 ay 
Go, yc 5 AD 
4 BAlihWsaRSPE&as TOTHIN/IN, 997 AZ 
[ele FARRFELS oF ADDITIVE To SATISFY DESIRED INHIBIT TAR CONTENT OF FUEL ARF 7 
CE PETERNI SED 
5 BRLIAF Se (NESATA/ING. eCFHEL-ARL TNWI9/0,997 Aa 
CC TOTAL FARRELS OF ICING IMHTRETIR TO RE ANDDEN TO CaRGN ARE NETEQMINED 
TOTATASRHL INF ¢RAL ING AS5 
ALATN Ie tM yATASF VEL Pb 
FEF IN Jen tatlndetnn, “=: R7 
ale ICING Pape ETOR CONCENTRATION SF STARBAARN TANKS APE DETERMINED AFTER 
cc EQLILISrtTur BRAS REEN ESTaBl TSHFD 
Ome ee sg Ih WT «K 86 
PPCFLELS¢(K).FO.N.0)GN TH 7 AS 
Above! UELS( ye, tg tyler, 997 92 
AsCQOEFF/FUFLS(K) : mts 93 
PetA®ds TERS (Ky yo (AeA ] oq in 94 
C=x-APWATERS(K) OAF I e 
Awe ("He SNORT (Cte? (4, @AUy))IS(P, MAY 96 
ATASTK eK) s( (AF T-4Wryed 00, y/FUFLS (Ky 97 
GO TC & 9a ! 
——  D ATAST ROWAN ; ; ee 99 
@é COATING Lan 
CC ICING IMNMIRIT TOR CONCFNTRaTinn OF CENTER TANKS ARF DETERMINED AFTER © 
CC FQLILIFRTU HAS BREEN ESTaABI ISHED 
5 LO 8 “si,MiIMCTK 19? 
IF CPFLELCOM).FQO.N.09GN TN 9 103 
AFTSFUELT (4) eATAINJ#0,997 194 
AsCOEFF/FUELC(™) 107 
Es (A*wATFRO(M))-(CASAF IY 61,0 198 
Ce-A*®wATE QC (MyeaFk ] 109 
AWs ("Be SART( (B88, 764, FAL) (7, HA) 110 
ATACTK eM aC (AFT -Awyetan, y/FiFLO(*) 111 
= ‘CO TC PB i > | wg 


9 ATACT KOM) 2n,6 113 
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a SAN ICING TNHIALTTOR EQUILTBRIUM SIMULATIONOOO000 — 


Sr nm me es ee ee 

















A CONTINUE 114 
cc ICING INHIBITOR CONCENTRATION NF PART TANKS ARE DETERMINED AFTER _ 
“CC ~~ COE QLILIRRIUM Has SEEN ESTABLISHED a is 
CO 10Ne1,NUIMWTK 116 
- IF<FUELP(N) «F0.070960 TOT ee a ei 
AFT SFUELP(N)®ALAINION, 997 $20 
PB COEFF FUELP ONG a I EER Oa aa SI PEEING 
Ba(A®WATERP(M)y~CASAF] yet n 172 
~Csa~A®*wATERP(N) oaF | a Tat eee” 4 SS ne ee) 
Awe ("BeSagt( (8992, )-(4, BAOC)) SCF, BA) «£24 
TO APAPTK ON EC CAF LAW) e1ON, yD JZFUFLE CN) a Se eee a WO 
Go 70 10 ’ 176 
Seer PiIKiNyc0,0 8 = oe ee eS) rand 
10 CONTINUE 127A 
~ CC ~ THE BARRELS OF ICING I[HIBITOR IN THE FUEL IN EaCH TANK 1S DETERMINED © 
CG ANT TREY ARE Sus EO 
Teen LeeS=0'. 0 a FT eee) 
Sie CeP=01, 0 131 
[Sel CE Cah.) me meee 
NO 12 LepeMiyMwre 133 
See eee CI CES= (CAT ASTK(1T)*FUELSCI yy 7100.) e8LICES © ei Mag ee ome et ean 
BLICEP=(CALAPTK (LT) #FUELPCTIYY7190.)+8L I CEP 135 
—— > samaoh TINUE ae toy One a 4 36 
DO 43 Jjet,NUMCTK 138 
i= “eee CECe@rATACT* CIV*8F (ELC(UVS/110.)¢RU1 CEG) = = = ee etic 
43 COATINUE 140 
= re 1g) HCEZRLICEC+RLICEP*BL ICES a = SS So eae ar oan 442 
CC THE ACTUAL ICING INHIBETOR CONCENTRATION OF THE TOTAL CARGO TS DETERMINEN 
i)? a aes CONCEN=(TOTIGE/FIIEL)FINN, ~~ —~ 143 
Gc IF TRE VESSEL HAS “ORE THA" A CENTFR TANKS IT IS NOT A T-2 AND TABULAR 
=> GOs sm BESULTS ARF WRITTEN NUT, IF THE SHTP KAS 6 CENTER TANKS 18-15 ASSIIMYED ~~ ~~ = 
Cc THE TANK LayOuT IS THE S AMF AS THaT OF a T+ 2, A NTaGRam [S$ PPONUCEN ANN 
“CC ~~ "THE RESULTS ARF NOTEN ON THE DIAGRAM, Rei ei 
IF(NLMCTK,FN,8)G0 TO 14° 144 
= 2 GO. TC 15 i ae po = ie et Sa ae ~ag47 
14 wRITE(6,100) 148 
100 FoRmMAT(LHLY eureaaeunmamamaimuamammmaaa se aS 1) Ti isa 0 naan ean reer 3) |) (/) 
WRITE (6,107) MPESATA. FUEL, TOTHA2N.CINCEN,PERINY 150 
———— FOL FORMATS O9Xe73HA SIMULATION OF ICING INHEIRITOR CONCENTRATIONS 1 © ~~ 153 
Peon A T=2 TANKER, /, 30.7 SHW2<--=--— 92-22] - = = ee 
ey Se fe ee cee ee cee eee eee wee 04/1 36¥,45H1, NESTREG AN 
BTI<ICING CONTENT OF TOTAL CARGN =,F6.3.9H PERCENT, ./,53X,65H2, MIL 
GI TARY “SPECIFICATION LIMITS ANE 9-19-0.15 PERCENT BY VOLUME.:/+44¥%, #~ 


S26" 3, TOTAL BARRELS OF PANNUCT LAAMEN: scciOdi ine 

-_— 9NH4, TOTAL BARRELS 
6 OF WATER REMAINING ASNARD AFTER STRIPPING THE VESSEL AS DRY aS PO 
———"—=9SSIBLE £,F6.,1,/.12%,102H5, IN ARNER TC COMRAT THE WATER ABNARD ann 
&® STILL ORTAIN A FINAL TOTAL ICING TNHIRITOR CONCENTRATION OF.F4.3. 
GS e5%I3X, 57H PERCENT,PRODICT WITH AN ICING INHIRITCR CONCENTRATION Np 7 
1sFe, 3, 42h PERCENT MUST gF LOADED | ARAN ARN TRE VESSEL. 6 //+31X70NTHE pe 


ee em ea om eee me te ee 


= 


— —A = em ee we =~ + ews ~ 
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AN ICING INHISTTOR FQUILIBQIUM SIMULATIONOQOONDO 


ee = ee ee er es a ye 5) eee ee a ce oe rr a a ner ee a ee ct A ee tee ee ee eh 


— JT AC RAM DEL NW TVD ICEYESTHE-BERFEN SOF -SRADTICTO 1y-EKCH- SI BS a a. 
3/, SLX, 71H (BARRELS OF PRONUCT EQUALS RARRFELS OF yP4 + BARRELS OF IC 
aINC TINWERYTOR) S70 25K 01201 2K edo OKs 140d PK e101 OMe 1Hybel2Xeih?, 
512%, 148,¢2v,1H9) 


eo ae ree ee = ee ee 

















PRITECE, L107 )FUELS(2) FUELS (3), FUFLS(4),FUELS(5)  FUELS(6) FUELS(7),. Be Ss 
LFUELS (A) .FUELS(9) 
me LO? FoemMarTt( (9x, £05 siigedeiii OSC =e eS es | 1. a 
1°---- ise CR dae Ka arnt ag ard SE tA ea DSM or a gt a Ri i gc ge oJ eL7X1HS,1X 
— “OefFTeiry, qH1,12X, 1H1.,1?x,144], 12x. qh, aWvaw 1H1,412Y, ates 1?x,4H!] 04 oye . Sob ee ee 
SK]o/015xK,1H%,3¥,1H1,2X,F7, 1,3Xe1HL,2X,F 7.1, SX e1HE, 2K0F 7,1, 35K%,1N1, 2 
_ MAN tes i SVp liek at 7, Ve Sats 2h 07, fe She t Hla eX 6 7) tok 1H!» 2X4F7, oS aS 
Se, SB,LHL,4AHSTPD, /,13x,1H4,5YX, 1Ht,* 2Xe1H1 12%. e1HT,12%, 1HI,22 LHI. 12 
ren On Ov, TH, i Ove AH, 1 OX, tHls/, 2.) ees = =~. 2 
SOve2H 1,1x,16 0.7%, 1H1,12x%,3H1,12%,14!,12% 
ee ater sk ANT, Lexe thie hey, 1H ly Lexcd Wg OM tll Fine Os 1 ean tes 1H1,22H= | 7 
R-- ED IO pido teu oceans ee ger oer an er ied e1HT, 12H Tiina ao eee ee »1H!,12H OR sos ae tho 
ana Gost--, tHE, {Qo --=------- 2 HE, Lab---2-------- Vt}, 12H------5 225-2, 
11H1,12h-----+------ »1Ht) 
ar RHEE COAIPUELS (iN FUELC( 13. FUFLO (2), FUELC(3),FUELC (4), FUELC(S5), Sa 


ALFYELC (6), FUELC(7),FUFLO(RD FUELP CS 9,FUELP( 2) FUELPCS) FUELP( 4), FUE 
ee ALP OST FUEFLP CO) FUEL P (7) FUEL PCI) FUEL PCO) a 
103 POSMA Ts 7x,1HesPvyeF 7.10? X, tHi 12K 141.1 2N ei Hisd ews 141s tex. tls foe 159 
Sede xk AH f pie Xe Hts eM, I. 7. SNe tHe, 13¥, tate tH ett te ae 
20,12X,1H1,12¥,1H1-12%,1H1,12°%, tHt, 12x, LH! ,/,3K,1H0,15X.1H1.12Xx, 1H 1 
re Sp ete ls17X, HI, 12Ke iNT, 19Ns THE 12k, i NI, eK; Dla gen dal 7 Nine) 
Ae SS oR mo LE, P¥ oF Zale SU, HIG SX sala os tela eke tet oXs 
HT, 2N5F7 oo BXo {HE o 20 0F 7.153% 9 THE PX CEI cL SXedHE oPVOF7 LAN e HE 2X TT 
GeF7 Le SXe HT GHCENTER Sp 3K .1HeoLIXOLHE LAK OTHE, L2K,1HT, 2X ,1N1 12x 
~~ Jie Paley, THis ev eile, il, 12v 618), 7.5%, lest ou, (Al, fev. tee 
Bibles (Hl, LON, TH 6 1 2Y, Hee t Rly VON. 1 Ove ioe elie 7 
“HO LOOXe {ATS { AY, {HT 12X,1HI i 2x, fT. 12K, 1HI, LAX, 4Ht 12K, tht. 12K,qHI, 


~~ = ee cS ae 


eee ete, OX LHI. 1 OH~---9-- <= 3= = Fal ace: <a = »1H144 
Lenmar aes ans eLHIT, L2H-------- 2-H, LH 12H -- een ee ene SHI LOHe eee ar aaa 
Paes Glan en @- == 5 === cl NH = 22 ee eee LHI, /,11K,1H*,7X, 


SLH I tev THis t 2X, 1Hiel2¥,IHT.12%,1H1, LAs THI ZY, thie tex hlelex%. ie 

MS Hes ONC THI 12 Xa ght oKue TNT 1L 2K TAK ee lee ek 1a 

Sytem teletext TRIG LOK, LHe, SXe lal OX ee 7, Gree lose icin ack 

Ge T Li SK LHP QXeF FL oe SK eIHE PXOF 7 Le SK ANT e271 SKIL, 2X 0F 71, 

——TSKXILHT 20,6 Fe 1 ee S¥ ec THIS SHPORT, Jol 7K, 1H® 1X, 1LHE,12X%,1HI,12%,1HI, 12x, 
B1HI1,12¥%,1H1,12Y, L1H1,12X,1H1,12%, stHt, 2Y,9H!) 








a FRE 6,108) meni iaR AnRRS 7 eng NT) 
104 PORE ET C19 ys 10SHa een oem enn nen one nee ee ness ane a6 == —- 161 
PO RO Se SS Se FS SE Sn Se oo re ee ee TJ 24K TSH = Re ad 
OTHE CJAGRAM BELOW INDICATES THE AARRELS AF WATER IN EACH SHIPS TAN 
KO AND THE, J, 24X,84HRESULTING ICING PNHTBITOR CONCENTRATION IN PERC © we tee 
aENT By VOLUME AFTER WATER FXTRACTION,) 
TF CHIOEST.EQ.0.05G0 TO 14° °° a aan nn gy 
WRITE(6,105)H20EST 164 
TOS-FO®MATCSOXTISHUATER -FSTEWATECWAS+F6,1,9H BARRELS.) SSS —— sd 


warireninesdl _~ 


16 bRITE (6,104) _ 167 
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mm a a mr i a re ce eS NE AY 





~~ a ee eee ee + 2S A Se i So ES _ —< en ee 
a mr ge ma a a 
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AN ICING INSERTTOR EQUILIARIUM SIMULATIONNONOON 


+ - = ms mw re re ee rr ee ee er ee ee eee ee ee ee ee = - - A nee ee ee 





TOs FURMAY (7 25Ts LHOs T2Us THs Ds TAS TEE TS TOV AA TONS TAT TDK TAB, 
Oe ee ee 
RAITE(H,107 WATERS(2),WATERS(3),bATERSIG) WATERS(5), WATERS (6) WATE ache 


LRS(7),MATERS(8), HATERS(9),ATASTKIA),ALTASTK(3),ALTASTK(4), ATASTK(5), 
DALASTKI6)  ALASTK(7)ALASTKIA) s ATASTK(9) »WATERS(1) ,ALASTK(L) » WATERC | 
SCL) WATERCO (2), WATERC( 3S), WATERC( 4), WATEDC(5) WATERCI6) »HATERC(7), WA 
W@TERC(8)” at alae eae aaa : eee 
107 ORIN (19% s 105N=----------- wetter eee ieieiehatetatataheteketatahetatetaketatetatetatekakekaitea 172 
> ae Gveots === -~5---- ee En ee ee aa 
Sei F Pe A PK, THE, LOK, THE, LAK, THE, LOK AH TP rTM 12K, THE LAK, THE 19N 6 
i Sores lok athe, Sk LHI, OX. F Suet, ove thls 3X yf 5.90 4X oe 1H, Sih ty 1. 8 
A 2 4X 1HT, SXGF D2, Sh. Hi OYE 5s in ae LHI OK E DS. Pei ow et 
a ee Ta a Re a ole ol ee lh i re a 
Comoro X 1H eS V5 56, So, SY, THT Sx.F %. 5s BK pte SYR O, SeXy CHING, 3; oe 
Ore ers eee =r 71K. San FA, 3, 3X, 1HI,/, AM 2H {> “LY. {Hees enor. 1HI.12Y, 1H1,12¥,1H 
a1,12%,4n1, 12%, Totetey, VHT, (exe tHd 12%, 1H1,7,9%,) Lee. Seen, Pena 








TO Gen ternn, THE, L2H nase enn n eee HIHL, T2H-2------- n= JAH0 1 20> ——- 
eaten a= ----—=- trig) owes wee=~,1Hl 1 2H--~7@-e- non POE 
a Pee ===> TH) 79 7X. LHe eX 65,19 4¥ so THe avsi Hla Geet Nlat eit Hie 9 gameeuee ae 


em oe tH ete DHT Vays THT, LAN SIA oH OM eee eee s6. Se OMe. 
wy) meee thls t 24th 2Y,9N1, 2 PY TH et OY, TAI Tet, TR low se lo ter we Hl. 
Sexe ie, 15K, 11, 12X11. 2y. 1b 12,1, THE, 12%, 1H? 22K, 1HI, 1 oy 
"Be TPLe Lex, LH], Jet, LH8 yl 7H---- n-ne tee ee eee PtH, S¥eh 5517407001, 3% 08 
75, Moka tHe S05 5.104 Xe tH,» S¥.F 241 ay, LHL. 3,5, 1 AW TH1 aN ar DG AX 
MP1s 3%, F915 407 tHE err Bars i Meer ce) eels et 
WRITE CA, LOR ATACTK(1) AALACTK (od A ATACTK(3) AATACTK( 4), STACTK(5) »ATAC 179 
————- 2TKC6d,ATACTK(7) ,ALACTK(8) ,WATERP(1),ATAPTK(1),WATERP(2),WATERP(3), on 
QhATERQP (4) WATE RP (5), WATE RP (6), 4ATERP (7) WATEDP (BY WHATEQP(9O),ATAPYA 
eis yo BAP TR Gh TAP TK CS yn TE Ce a pe ATAPTK(B),AT 
4APTK(9, 
= Oe FORMAT (3Y¥; THESTSK INTs BXeF A, Xr 3X THE ,3¥, FS&,3e3X¥,1HI + 3X, FA, oN? aie Ger l « 175 ier a 
Mere Oe Se OKs Top OK FO, 35 She tH SV oF 6,30 SX et Hl eA, Fk 6,50 5% LHI,3X, F6 
SH SXe1HI,/.5X,1H*O AVES. 1.4K, THI, 1 AX, SHE, 22% ,1HT, 12K ,I RT, LOX,IHT, = es =. 
SL2¥, LHL, 2X, LHL 12% stl 12x. 1Hls Ze PXc1Hes2veFS, $e 5%e tME eS 2¥1HD 6 22 
~SX,THT LAK,1HE, LO THT TAY .1HE, LOX, THE, L2Y,1HE 12K, tHE. 7, 9X, 1 HHL OY, 





Sin! ,12H Se ee eee Oe ee ae ee »iHI,12% ais 2--,1HIT,12H at i Meelis!) titi: pLTH!, 12 
Goer ep emmm——-, 141.1 2H -—- - see es LHI, 1 2R ee —ee — UR ----- ae 
ae tt glee --->-s-=--=- itl, 711%, THe. Xs IHL, Poe i CX TH 


meee Bh ig 2X, HI LOXT IE, 22x. THe LP cd HT Vets HI L/L Ske THe SY Inigo 
Dene ke Uae OX nF Ds LoMMOe LHL oii Bt Nyt tipsy Pane oles ee 

Tn aA el poh, ho, 1A es LHI SX.FS, 1X TNT, SYED, TM THe 7, 19K, LHe syed a ee 
oh[e3X,F6, 323% 1HT 2 3K, P63, 5¥pth woh, eo. 3, Sv, 1HI,3x,F 6, mr s IX LHI SX, 

ia aay ‘EC; > aa ee ee ee wet we weet tee eee ee - we me ee re ee “ a i ee Se 








SO 


| 3X,4H!> S¥SFH, 353M THT Bek GO, 3e3Ke THT, SY eF 6. 3, Shs 1 Riles PORT, 71 
| oa 47X18, LY, THT, V2K,1HT,L2Y,1HT,12Y,1HI,12¥,1NT,120,1H! 12K, THE, 42%, a 
tle aes 119% 0105H--------- =e --e one eee ne ee ee ee eee ee mene 
an Pa 6"- "eae WF~eweeweewrweewwewwe Fe ef Fe wwe weve © FFF ese 2 = aQeeceen SS eeene wae @F @ weeee = |= } oes = 
Go 10 7 175 
So ee WRITEC6; TCS)" Sn re re On a ag io a coke cal A ni a ir nts. z a (oJ a 


409 FORMAT(iH1) ae 178 


ee ep ce ee ee et oe ee ee - —-- — = = eae ee — - -- =—+-« - — =. - 


wae —_— -_— 
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cee —_ ~~ ee eet ne =a~ —_ -— at one er. ee 


ANC TOING ENHTALTTOR EQUILIBRIUM SIMULATIONOOO000 8 8 = 2 


a ee a eS lh 





ee ee 





ee ee 8 we ee ee ee et ee oe 











WRITE CE, LIT DESMIMOFIIEL, TOTHDO-CONCEN, PERRIN © Bs es a 
£46 FORMAT<( »/ 129X,69HA SIM YLATION oF TCING INHERIT TOR CONCENTRATIONS f 1.4.1 
ao gh UPp4 eeu A TANKERS NL Soa 
Qa rte rn er enn re ee ee -- + - - =e fF, 36%,46H1, DESIRED ANTI-ICING 
ae CONTENT OF TOTAC CARGO =,F6,3.94% PERCENT, ,/,33X,65H?, MILITARY SP © © 
AECIFICATION LIMITS ARE Q,19-01,15 PERCENT BY VOLUME. ./,44%,S56W3, TO 
— WAC SARRETS OF PAONUCY CAANEN 2,7A.0.7-19X%,99H4. TOTAC AARRELS OF = # & # © 
ShATER REMAINING ARBNARD AFTER ora eniie THE VESSEL AS DEFY AS POSSIB 
FILE seh 6, f,7,17Y,102H5, IN ARNMER TH CNMAAYT THE waTEAR ABNARD AND STI s,s 
SLL OBTAIN # FINAL TOTAL ICING IN4IBLTOR CONCENTRATION OF LFA. 30/043 
Mee Tah ROOUCT NT TH AN ICING UINGT OT TORE CONCENTHA TION OF Forme | (minum mene 
13,424 FERCENT “UST BF LOADED ARAQARN THE VESSFL..) | 
Romeo c Scie eo \o0 TO 2A 0 ee ae ee ia" 
WRITE (Oy 127 )H2NEST , 144 
~ £27 FORMAT(Sox.,18HwATER ESTIMATE WAS+FA,1,9H Bankes.)  ©©g7 
28 wRITE(A,428) ' 447 
«$28 FORMAT(/, 32X,9HSTARROAQD, 4, 23HFUFL GUIANTITY,3X.94HWATER QUANTITY 189 
LeS4,2SHICING INHTRITOR CONTENT ose St Xe1THTANK NHIMIER, 5X, 9H( BARRELS) 
OT XA FHECBARREL SS SAK LFIHUPERTENT BY VOLUME) s/7,31¥01,H-------ce--- 45%. ne oe 
39x DP lille 27%.9H mae ceieeee Bae eee 08K, Le She SiS “ie ee of) 
eas Come PeleNUMATK ~~ <= — a) nner Lae eas ee 
LA BRITECA ALI TFUELSCI) WATERS (Ly ALASTKGT) $90 
oe eee nS 4X (351 9NG 8. Oink, FS. Le 1 6N PF 6,3) ee 
WRITE(6,1127) - 194 
TELAT FORNATO Psy) SB GHCENTEQ SX eT SHFUFL QUANTITY, SX L4SHWATER QUAN 1960 
TITY» S¥,A3HICING INHIBITAR CONTENT, se 3UXe 1 LHTANK NUMSER,5X, SHCRARR 
QELS) ATKIN BARRELS) BX LOH (PERTEXT BY VOLUME) ose 81K eo lldew--- ne -- 2 
Be DX, Din itr ages »7X%29H See See ced oe eae sete t aH Sein ee eae eli a ieee nt cee s/f) 
8 Kia NUMCTK a ay ies BS eae 
29 WRITE (6,113) K  FYELC CK) WATFRO(M ye ALAC TO (K) 197 
Sey) ATS RORPATCS4X¥, 15,704 eF 8B. Oe1Nx. FS.1le16¥,F6,3) ° ° # °° & @ & &  ©&« © 8 6955 95 Se 
WRITE (4,114) 201 
“7. 424 FORHAT(/// © ©, 34%. 4APORT.7Y,13S4FIEL QUANTITY.3¥,1t4SHWATER QUANTITY ~~ = Baas 
Ve EX, 23HICING INHIBITOR CIMTENT, 7,34 X,12L 4 TANK NUMBER, SX, QHiFARPELS 
A Dye TKPH (BARRELS) AKL IHC PERCENT BY VOLUME) + 7314.11 H-- oe eee oS _ i 
39H-e------- 07 Xe PHereew ne --- eA pl QHe wenn enn ne n-e- a a teeincl gs a: of) ' 
a ae 8)! Jets YUMUTK a aaa RE ie ei a gS ee ~ 303 ace 
20 WRITE (6,315) U,FUFLO(S) pWATERO( J) ATARTKG SY) ; 2n4 
mice Vis F Ome Sie 1 ss LOXeFO.0010%+F5.1,16%.F6.5) — © “Se © 1s null 0 Sus CumenecICa = 
17 &RITE(6,114) 208 
‘Sieh Oe AC iH i 6 ISIS SITS AII IATA STR VTARCONONIC ANALYSIS. /«. c= 210 . 
157,17 Hew+-------------- oats oe 
meee Co bees ee FCC puMNpED-TO° THF SHIp HAS AN ICING INHISI 102 CONCENTRATION © 5 ue ae 
EC GREATER THAN Q.949 PERCENT, AN AMDTTIONAL COST 1s CHARGED oo THE EXTRA 
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